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HE AVERAGE PRODUCTION per acre of potatoes 
in the United States is very much lower than in Canada, 
Great Britain, and European countries outside of Italy. 

One of the reasons for the lower production in the United 
States is that less attention has been given to the character 
of the seed. Good seed is one of the determining factors 
in the production of maximum crops of potatoes. 


The use of high-grade seed would increase the returns from 
the potato crop of the country by many millions of dollars. 

The quality of the seed may be improved through the 
removal of all diseased, weak, or off-type plants as soon 
as they are observable. 

Only seed from productive plants should be used. 

Careful attention should be given to securing seed that is 


free from varietal mixture and that is true to type. 

Good seed can not be produced unless the growing plants 
are given good cultural attention. 

As a rule the quantity of seed used is not sufficient to 
produce a maximum crop. 

From 15 to 18 bushels of seed should be used per acre 
instead of 9 to 11, as at the present time. 

All seed stock should be disinfected before planting. 

Good storage conditions are essential to insure sound, 
firm seed at planting time. 


This bulletin is a revision of and supersedes Farmers’ 
Bulletin 533, Good Seed Potatoes and How to Produce Them. 


Washington, D. C. Issued May, 1923 
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YIELDS OF POTATOES. 


STUDY of the statistical data upon potato crop production in 
the United States for the last 55 years' reveals the interesting 

fact that relatively little gain in production per acre has been made 
during this period. To partially minimize seasonal variations in 
yield per acre the 55-year period has been divided into eleven 5-year 
cycles and the average production of each cycle compared. During 
the first 5-year cycle, 1868-1872, the average yield per acre was 94.5 
bushels, while in the last 5-year period it was 98.7, or a gain of approxi- 
mately 4.4 per cent. The averages for the eleven 5-year cycles are 
94.5, 88.1, 77.9, 76.7, 74.0, 79.9, 82.2, 96.3, 96.5, 96.0, 98.7 bushels 
per acre, respectively. A study of these data shows that there was 
a very appreciable and more or less — decline in production per 
acre during the second, third, fourth, and fifth cycles, or from 1875 
to 1892, inclusive, and that during the next three cycles there was 
a decided increase, the fifth cycle showing a slight increase over the 
first cycle. From this period until 1908 to 1922 the increase has 
been a very nominal one, unless we choose to regard the 1918 to 1922 
performance as indicating a permanent improvement in the per acre 
production of potatoes. From the data presented it is evident that 
the slight gain in average yield per acre (4.4 per cent) in the last of 
the eleven 5-year cycles over that of the first cycle is not sufficient 
to account for the increased production of potatoes in the United 
States. The total average bushel production in the United States 
for the years 1868 to 1872 was 117,745,800, while in the last 5-year 
period (1918-1922) the average production was 390,173,200 bushels, 
or an increase over the first period of more than 231 percent. During 


1 The statistical data upon which these studies are based were obtained for the years 1868 to 1888 from the 
United States Department of Agriculture Yearbook for 1917, p. 657; for 1889 to 1895 from the 1920 Yearbook, 
p. 617; for 1896 to 1920 from the 1921 Yearbook, p. 583; and for 1921 to 1922 from the December 23, 1922, issue 
of the United States Department of Agriculture Weather Crops and Markets publication, p. 565, 
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this same period the increase in acreage devoted to potato production 
has been more than 217 per cent. These data show conclusively that 
increased production in the United States during the last 55 years 
has been almost entirely due to increased acreage rather than to 
any material improvement in cultural practices resulting in larger 
yields per acre. 

Table 1 shows and the accompanying diagrams (Figs. 1 to 4) also 
show in a graphic way the average acre yields, the farm price per 
bushel, the acreage grown, the total production of potatoes, and also 
the population of the United States during the eleven 5-year cycles 
studied. In the construction of these diagrams it has not been 
feasible to employ the same scale in any two of them, owing to the 
great difference in the magnitude of the figures treated. A careful 
study of the first diagram (Fig. 1), in which the acreage yield and 
farm price per bushel are given, shows that the acreage-production 
curve, if drawn on the chart, would somewhat resemble the curve 
of a scimitar blade, in which the extreme ends of the blade represent 
the maximum yields for each half of the curve. 


TABLE 1.—Averages of acreage, production, and farm values of potatoes in 5-year periods 
from 1868 to 1922, inclusive. 





l | 
Produetion (bushels). | Farm value on Dec. 1. 
| | 


| 
Number | | 
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Total. Per acre. | , bushel 


| (cents). 
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134, 773, 200 88.1] 68,665,600 50.9 
150, 706, 200 77.9| 85,547,200 53.8 
175, 197, 800 76.7} 82,295,000 46.9 
194; 939; 400 74.0| 93,012,600 47.7 
231, 757, 800 79.9 | 95,258; 400 41. 
243, 966, 400 82.2 | 117,671,600 48.3 
309, 568, 200 96.3 | 170,652; 800 55, 
1908 to 1912 351, 793, 800 96.5} 213,038; 200 60. 
1913 to 1917... 366, 045,600 322) 292) 400 88, 
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| | 


117, 745, 800 | $64, 123, 600 | 54.5 


St 
x = = 
Sss 


& 


SENSES 
Bs 


C2 610 C19 C9 BDO DOIN ba et et 
wWexRw 


1 The data for 1922 are subject to revision. 


The gradual decline in yields during the first half of this period 
is thought to be largely due to the following factors: 


The ravages occasioned by the Colorado potato beetle during the early period of 
its invasion of the eastern United States. 

The financial depressions of 1877 and 1893, which brought about a well-marked 
decline in agriculture in New England, New York, and the other heavy potato- 
producing areas of the northeastern United States. 

A gradual depletion of soil fertility. 


Of the factors which have checked the downward tendency and 
contributed most largely toward a return to the old production level 
the following are thought to have been most potent: 


The influence of the agricultural experiment stations, agricultural colleges, and 
the United States Department of Agriculture through experimentations, demonstra- 
tion, and the dissemination of literature. 

The influence of the Bordeaux-mixture treatment in the control of fungous diseases 
affecting the potato. 

The development of special potato-growing sections, as, for example, Aroostook 
County, Me., the Atlantic Coastal Plain trucking region, the Greeley and Carbondale 
districts of Colorado, and many other areas, in which the average yield is approxi- 
mately from two to three times the general average for the United States. 
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Figures 1 to 4 show a comparison of the relation of increased pro- 
duction to a constantly increasing population. The diagrams shod 
that under normal conditions spond oleel is keeping pace with popu- 
lation. Crop shortages are, therefore, the result of abnormal! or 
unfavorable conditions. 

In comparing the average crop production of potatoes in the United 
States with that of Great Britain, one is impressed with the fact that 
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Fie. 3.—Diagram showing the average eee! me of the United States by 5-year periods from 
o ‘ 


generally speaking we have much yet to learn before we can raise 
our average to that of that country. During the years 1901 to 1910, 
inclusive, the ae acre yield in Great Britain was approximately 
200 bushels, while that in the United States was not quite 93 bushels. 

Of the many causes which produce a low average potato yield in 
this country, poor seed is thought to be important. The American 
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Fig. 4.—Diagram showing the population of the United States by decades from 1870 to 1920. 


potato grower pays too little attention to his seed potatoes. Euro- 
pean gvowers pay very strict attention to the quality and quantity 
of seed they use. This has led to the differentiation of the potato 
exch into seed and crop specialists. The seed specialist makes a 

usiness of producing high-quality seed, while the crop specialis+ 
produces a high-grade table potato. Until rather recently no such 
differentiation, at least to any marked extent, could be claimed in 
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this country. However, with the adoption of seed-potato inspection 
and certification in California, Colorado, Idaho, Kentucky, Maine, Mary- 
land, Michigan, Minnesota, Montana, Nebraska, New Hampshire, New 
Jersey, New York, Oregon, Pennsylvania, South Dakota, Utah, Ver- 
mont, Washington, Wisconsin, and all of the Canadian Provinces, 
groups of seed-potato growers are gradually being evolved. A fur- 
ther stimulus to those who are engaged in the production of seed 
potatoes is the increasing demand for good seed stock at prices which 
are sufficiently remunerative to well repay the grower for the extra 
care given to the crop. 


WHAT CONSTITUTES GOOD SEED. 


The question of what constitutes good seed is a vital one, and pos- 
sibly no two persons would fully agree in every particular upon this 
point. Good seed may be defined as follows: Somewhat immature 
tubers—reasonably uniform in size and shape, with skin bright and 
free from scab—firm and sound, with first sprouts just starting. 
Seed of such quality when given suitable cultural seniabeia can be 
relied upon to produce a remunerative crop, other things being 
favorable. If in a given year it were possible to plant the entire 
potato acreage of the United States with first-class seed stock the 
total production would be increased from 10 to 25 per cent. Based 
on the average production for the 5-year period from 1918 to 1922, 
this increase would represent from 39 to 974 million bushels, or an 
increase in money value of $40,333,000 to $106,333,000. 


PURE SEED. 


The importance of securing pure seed of a given variety is best 
appreciated by the southern truck grower, who at the present time 
is practically dependent on northern-grown seed potatoes for his 
early crop. In the past, though not to so great an extent at the 
present time, it has frequently happened that Irish Cobbler seed 
potatoes have contained 5 or more per cent of varietal mixture. 
As a rule this mixture consists of a late-maturing variety, generally 
the Green Mountain, which sets and matures its tubers at a later 
date than the Irish Cobbler and in consequence is not ready to 
harvest when the bulk of the crop is fit for marketing. The truck 
grower aims to harvest his crop as soon as most of the tubers have 
reached a merchantable size. It requires little imagination to see 
that the grower is a direct loser in proportion to the percentage of 
mixture in the seed planted. If his yield is 40 to 75 barrels per acre 
with a 5 per cent mixture he has sustained a gross loss of 2 to 3} 
barrels per acre, or double this quantity if a 10 per cent mixture oc- 
curs. Usually the price of early potatoes ranges from $3 to $5 per 
barrel, the highest price being obtained for the first lots harvested. 
Assuming that the crop sells at an average of $4 per barrel, the 
gross loss on the lowest yield would be $8 and on the highest $15 
per acre. It is apparent, therefore, that every care should be exer- 
cised in securing seed stock free from varietal mixture. 
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UNIFORMITY IN SIZE AND SHAPE OF TUBERS. 


Under normal conditions of growth many present-day commercial 
varieties are very variable in size and shape of tuber. To some 
extent both size and shape are determined by the character of the 
soil, rate of planting, fertilization, and cultural care given the growing 
crop. Inheritance, however, plays a very important part. Most 
varieties contain within themselves distinct varietal strains which 
when isolated are much more uniform in respect to size and shape 
than the variety itself. Other things being equal, the variety or 
varietal strain that produces the greatest number of fair-sized shapely 
tubers and the satedioat number of ill-shaped and small tubers should 
prove the most valuable, because it involves less waste to both the 
grower and the consumer. It is particularly important at pee 
that such strains be developed, because there is an increasing demand 
for fancy table stock to satisfy the requirements of a large and 
discriminating class of consumers who are insisting on greater uni- 
formity in size and shape and are willing to pay a premium on such 
grades. 


DEVELOPMENT OF HIGH-GRADE SEED POTATOES. 


The successful production of high-grade seed potatoes is very 
largely dependent upon the following factors: (1) Starting with a 
good strain; (2) the proper treatment of the seed; (3) thorough prep- 
aration and proper fertilization of the soil;*(4) the following of the best 
cultural practices, including protection against insect and fungous 
pests; (5) the elimination of all mixtures and all diseased or weak 
plants; and (6) the careful harvesting and proper storage of the crop. 


SECURING A GOOD STRAIN OF SEED. 


If the strain of seed you are using is lacking in vigor, it is generally 
advisable to discard it and purchase a new lot from some reliable 
grower whose stock you have reason to believe is superior to yours. 
This suggestion is made as the result of a rather wide experience in 
trying to improve poor strains of potatoes through selection methods. 
Such attempts have usually resulted in failure, and it is felt that as a 
rule much more satisfactory progress can be made by starting with 
a new strain. Further improvement can usually be secured through 
selection. 


SEED-POTATO IMPROVEMENT BY SELECTION. 


The improvement of seed potatoes by selective processes has lon 
engaged the attention of the potato grower. Recent ipdeidaianl 
evidence seems to indicate that the possibilities of improving potato 
seed stock by selective processes alone are not as great as many 
writers upon this subject have claimed. To those who have devoted 
much time and effort to the improvement of the potato by selection 
it would appear that the chances of finding superior yielding true-to- 
type strains within a variety are not as great as has been believed. 
The chief advantages to be derived from seed-potato selection prac- 
tices are the elimination of diseased and weak plants and the removal 
of varietal mixtures. 
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IMPROVEMENT PRACTICES. 


Five improvement practices may be used in securing a high- 
yielding and commercially desirable strain of potatoes: (1) The 
tuber-unit method, (2) hill selection, (3) mass selection, (4) field 
roguing, and (5) strain testing. 

In early editions of Farmers’ Bulletin 533 considerable emphasis 
was laid upon the tuber-unit method of seed-potato improvement; sub- 
sequent experiences of the writer and others have indicated that this 
method is not as satisfactory or as practical in operation as the other 
four methods suggested. It is thought desirable, however, to briefly 
describe the tuber-unit method because some of its processes are 
applicable to other selection methods. 


TUBER-UNIT METHOD.! 


The tuber-unit method, as now generally understood, consists in 
selecting from the seed bin before adie time a considerable num- 
ber of the most perfectly shaped tubers ranging from 6 to 8 ounces in 
weight. When planted, these tubers are quartered, as dropped, into 
four as nearly equal parts as possible, by splitting the bud-eye cluster 
twice from seed to stem end of the tuber. In other words, the tuber 
is cut through its longitudinal axis. The four pieces of each tuber 
are dropped consecutively in the row at a distance of from 10 to 12 
inches apart in the furrow. All tubers showing discoloration of 
the flesh or other evidence of disease should be rejected. By allow- 
ing an additional spacing between each set of fours, the four plants 
from each tuber are definitely isolated from adjoining ones and 
the grower can readily observe any variation in vigor and uniformity 
between the various units planted. This method also enables him 
to detect any mixtures that may occur in thevariety. All mixtures 
should at once be removed. By marking the units which appear 
to be the most uniform in size, vigor, and type when the plants 
are stillin vigorous growth, the first step in selection has been accom- 
lished. At digging time the product of each unit is separately 
harvested and a further selection made from the marked units of all 
tubers which most nearly approach the size, shape, and smoothness 
desired. The selected tubers of each unit should be separately 
laced in small sacks, preferably cotton or burlap, numbered with 
both field and unit numbers, and stored to await further examination. 
The final examination should produce data on the number and 
weight of merchantable and unmerchantable tubers and their general 
conformity in size, shape, and smoothness of the tvpe desired. From 
each of the units retained 10 of the best tubers should be selected for 
the next season’s planting. 

It is desirable to maintain the study of each selection on the tuber- 
unit basis the following season, because it permits a more accurate 
comparison of the behavior of each. The 10 selected tubers from each 
original unit will give 40 plants for study the second year. All selec- 
tions which do not produce a reasonably uniform lot of plants should 

be marked for rejection. At harvest time the progeny of each selec- 








2 For further information concerning the arrangement ofa tuber-unit selection plat and a convenient 
system ofnote taking, see Stuart , William, The ‘‘tuber-unit’’ method ofseed-potatoimprovement. U.S. 
Dept. Agr., Bur. Plant Indus. Cir. 113, pp. 25-31, 2 fig. 1913. 
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tion should be kept by itself and the same data recorded as those 
taken on the crop grown from the original tuber unit. Only tlie 
product from such 40-hill rows as meet the most rigid requiremen is 
should be retained. The further conduct of the work will consist in 
the multiplication of the selected strains for field planting and the 
elimination of weak plants. 


HILL SELECTION. 


The hill-selection method consists in marking the most promising 
plants during the growing season and at harvesting time saving 
only those which give the greatest promise. (Figs. 5 and 6.) The 
progeny of each hill should be kept separate and the same data taken 
as outlined for the tuber unit. Plant on the tuber-unit or progeny- 


Fic. 5.—Progeny of a mosaic-infected potato plant of the Triumph varicty on the left (A ) and ofa healthy 
plant on the right (B). Bin selection of such seed would result in taking at least two tubers from the 
mosaic plant. If small tubers were used all would come from diseased plants. In hill-selection work 
the progeny of plant B should be saved. 


row basis the following season. For the sake of uniformity a definite 
number of tubers (five or more) should be planted from each hill 


selection. From this point on, follow the methods given in tuber-unit 
work. 
MASS SELECTION. 


Mass selection differs from hill selection in only one respect, which 
is that the tubers from the individually selected plants are not kept 
separate. Generally those who practice mass selection do not go to 
the trouble of marking promising individual plants during the growing 
season, but simply go through the field Salers harvesting the whole 
crop and dig by hand as many plants as may be desired to secure the 
necessary quantity of seed that show the desired vigor and stem 
characters thought to be correlated with productiveness, trueness to 
type, and uniformity in size of tubers of the particular variety grown. 
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FIELD ROGUING. 


Improvement of the seed stock through field roguing consists in 
the removal of all diseased, weak, off-type, or varietal-mixture 
plants during the growing season. The successful removal of such 
plants does not necessarily involve an intimate knowledge of the 
various diseases affecting the potato, but it does require that the 
person doing the roguing be able to tell whether a plant is normal or 
abnormal in appearance. A sufficient field area should be rogued 
the first year to provide the quantity of seed necessary to plant the 
full acreage to be grown the ensuing season. The area to be rogued 
should be gone over at least three times during the growing season, 
to insure the removal of all plants affected with ‘daniel diseases, 
such as mosaic and leaf-roll, as soon as their presence can be detected. 
In the field-roguing method no attempt is made to select the progeny 
of individual plants at harvesting time, the whole crop bemg dug 
and all desirable seed stock gathered and stored in bulk. 


bia. 6.—Progeny from abnormal (A) and normal (B) plants ofthe Russet Burbank potato, Plant A is 
known in est as a degenerate or run-out plant, and the disease with which it is affected is prob- 
ably identical with that recently termed ‘‘spindle tuber.’’ It is a communicable disease and may 
become serious. In hill-selection work the progeny of plants such as B should be saved. 


STRAIN TESTING. 


The improvement of seed potatoes by the strain test, or, as it 
might more properly be termed, the “‘source-of-seed test”? method, 
consists in securing as many as possible desirable lots of seed stock 
of the same variety from different growers throughout a given dis- 
trict or State, or even from various States, and carefully studying 
their behavior when poe side by side under identical soil and 

4 


cultural conditions. Experimental studies by this method of seed 
improvement have demonstrated that some lots or strains of seed 
stock are far superior to others; in fact, differences in yield of more 
than 100 bushels per acre have been noted between the lowest and 
highest yielding strains. Furthermore, it has been conclusively 
demonstrated by numerous trials that these yields were not acci- 
dental, but that in practically every instance the high-yielding 
strains have consistently given larger yields wherever tested. 
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The improvement of seed stock by this method does not consist 
in the actual isolation and development of a strain from a given 
variety, but rather in locating, as it were, by comparative tests the 
really superior sources of seed stock. The actual improvement 
accomplished is measured by the success attending one’s efforts in 
getting live, up-to-date growers to discard their inferior strains ond 
purchase the superior one, as shown by the tests made. 

The practical operation of such a movement may be best empha- 
sized by stating that in 1921 over 100 potato growers in Wisconsin 
grew seed stock of a superior strain. of Triumph potatoes located in 
this manner in 1918. 

It should be remembered that whatever selection practice is pur- 
sued the fields devoted to the production of high-quelity seed must 
be carefully rogued if the vigor of the seed stock is to be maintained. 


RELATIVE MERITS OF THE PRECEDING PRACTICES. 


In the preliminary discussion of seed-potato improvement in this 
bulletin it is intimated that the chance of securing a superior strain 
of a commercial variety of potato through selective processes is not 
as great as earlier writers on this subject have claimed. A careful 
consideration of all the experimental evidence thus far presented 
would seem to justify the conclusion that the tuber-unit method of 
seed-potato improvement does not afford as satisfactory a starting 
point for selection work as the hill-selection method. The evidence 
at hand would also seem to indicate that neither of these practices 
is to be commended to the average grower of seed potatoes, as both 
methods involve an expenditure of a greater amount of time and 
effort in properly observing the details necessary to their successful 
application than can reasonably be expected of such a grower. 
The tuber-unit and hill-selection methods can only be recommended 
to those growers who have ample time or means to undertake these 
studies and to those experiment-station investigators who have the 
facilities necessary for carrying on such work. 

The “mass-selection”’ and the “field-roguing” methods are more 
nearly adapted to the average grower, as neither method involves 
the growing and keeping separate of a large number of individual 
selections. Both are so simple of execution that any person of 
ordinary intelligence can practice them. 

Strain testing involves a somewhat more elaborate plan of oper- 
ation, in that it requires the purchasing and growing of several 
strains of a given variety under as nearly identical conditions as it 
is possible to supply. This method of seed-potato improvement 
may be best undertaken by the type of men suggested for the con- 
duct of the tuber-unit and hill-selection systems. The average 
grower should avail himself of the findings of those engaging in 
strain testing and purchase his seed from those growers having the 
most desirable see stock, as demonstrated by such tests. 


REQUIREMENTS FOR SUCCESS. 


The only requirements for the successful practice of the first two 
methods of seed selection are a reasonable degree of painstaking 
effort on the part of the grower, some 12-inch neers labels, a small 
pair of balances, a sufficient number of suitable small sacks, and a 


































w @ OW He eon 


> Bes fee 
— 


os 


it 
it 
n- 
re 
in 


vO 


we 
il 
a 








Seed Potatoes and. How, 1a.Produce Them. 11 


safe place in which to store the selected tubers until required for the 
next season’s planting. In addition to this, the grower should have 
a breeding plat in which each season’s selections can be developed 
up to the ne of field-planting stock. This selection or seed plat 
should be located at as great a distance from the commercial potato 
field as possible in order to secure the greatest degree of isolation 
that is feasible. Heretofore the problem of isolation has not received 
due consideration. This was largely owing to the fact that the 
seriousness of such diseases as mosaic, leaf-roll, curly-dwarf, streak, 
and spindle tuber has only recently come to be recognized. The fact 
that all of these diseases are readily transmitted from diseased to 
healthy plants through the instrumentality of plant lice, or aphids, 
and the further fact that as yet there is no relabie information as 
to the distance insects may transport these diseases suggest as com- 
plete isolation of the seed plat as possible. The ultimate success of 
the seed plat in so far as the elimination of tuber-borne diseases is 
concerned rests largely upon the ability of the grower to recognize 
diseased plants sad the promptness with which they are removed 
from the seed plat and destroyed. Frequent and thorough inspec- 
tions of the seed plat are necessary to insure the largest possible 
reduction of diseased plants and to reduce the transmission of disease 
from diseased to healthy plants. 


SEED TREATMENT. 


It is impossible to produce high-grade seed potatoes if the seed 
planted is infected with disease organisms capable of infecting the 
crop. The disinfection of the seed potatoes is therefore necessary if 
the best results are to follow. The two diseases for which seed pota- 
toes are ordinarily treated are common scab and black scurf, or 
Rhizoctonia. The two disinfecting agents recommended for such 
treatment are formalin and corrosive sublimate (mercuric chlorid, or 
bichlorid of mercury). Formalin is as effective against the com- 
mon scab as corrosive sublimate, but it does not give as good results 
in the destruction of the black-scurf fungus. When the latter is 
present on the tubers corrosive sublimate should be used. The 
formulas recommended for these two disinfectants are as follows: 


(1) Formalin, 1 pint. 


(2) Corrosive sublimate, 4 ounces. 
Water, 30 gallons. 


Water, 30 gallons. 

If the formalin treatment is selected the seed potatoes should be 
soaked in this solution from one-half to 14 hours. Recent experi- 
ments by Dr. I. E. Melhus, of the lowa Experiment Station, indicate 
that an immersion of the seed potatoes for 2 minutes in a formalin 
solution of twice the strength mentioned heated to a temperature 
of 122° F. and covered for an hour after their removal from the hot 
liquid is just as effective as the longer treatment in the cold solution. 

When the corrosive-sublimate solution is used, the length of the 
immersion should be governed by the condition of the tubers and their 
freedom from, or the severity of, the black-scurf infection. If the 
tubers are dormant and they are more or less infected with the 
sclerotia of the black scurf the treatment may be prolonged to 14 or 
2 hours. If they have started to germinate and are reasonably free 
from black scurf the period may be shortened to a half hour or less. 
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The treated tubers should on no account be allowed to come in 
contact with such receptacles as old sacks and barrels in which diseased 
seed has been handled, as they are almost certain sources of rein- 
fection. 


PREPARATION AND FERTILIZATION OF THE SOIL. 


Strong, vigorous plants can not be produced on land that has been 
poorly prepared or that is deficient in available plant food. Seed 
potatoes should be grown on land that has been deeply plowed and 
thoroughly prepared to receive the seed. It should be well supplied 
with organic matter and available plant food. A clover or alfalfa sod 
furnishes the organic matter and considerable of the plant food. 
Barnyard manures or commercial fertilizers, or both, will suppiy 
the additional plant food necessary to produce a good crop. 


CAREFUL CULTURAL PRACTICES. 


The vigor of the seed stock produced is to a large extent dependent 
on the care given to the growing crop. Uniformity in the size of the 
tubers is to a large extent governed by the rate of planting. Closer 
planting should be practiced in the growing of seed than of table 
stock. Some growers in Aroostook County, Me., space their rows 
from 32 to 36 inches apart and the plants in the row 8 to 12 inches. 
The crop should be cultivated as frequently as may be necessary to 
provide the most suitable growing conditions. 

Every effort should be made to protect the plants from injury by 
insect or fungous pests. Leaf-eating insects can be effectively con- 
trolled if the plants are thoroughly sprayed with arsenical poisons; 
sucking insects with contact solutions, such as kerosene emulsion and 
nicotine; and fungous diseases, such as the early and late blights, 
with Bordeaux mixture. In every operation it should be remembered 
that whatever contributes to the health of the plant increases the 
vigor of the seed stock produced. 


ELIMINATION OF VARIETAL MIXTURES AND DISEASED 


OR WEAK PLANTS. 


The vegetable-seed growers employ the term “roguing”’ to denote 
the process of removing all mixtures or off-type plants from the seed 
plat. As this term, when understood, is a ie and yet sufficiently 
descriptive way of indicating the process of eliminating all undesir- 
able plants or “rogues,” it is proposed to use it in this connection. 

It is an easy matter to rogue a seed-improvement or selection plat 
during the growing season. Varietal mixtures are more easily 
detected when the plants are in bloom. Weak plants are usually 
| ret in the early stages of their growth, as are also certain types 
of diseases, such as mosaic and black-leg, although both may appear 


later. Plants infected with Rhizoctonia and Fusarium are usually 
not apparent until the latter part of the growing season. It is evi- 
dent from these statements that in order to rogue the seed plat 
thoroughly it is necessary to make two or three examinations of the 
field or plat during the growing season. Further roguing should be 
done when the crop is harvested by discarding the progeny of all 
low-producing plants. (Fig. 5, A.) 
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MONETARY VALUE OF GOOD SEED POTATOES. 


The producer of high-grade seed potatoes is justly entitled to a 
fair monetary return for the special efforts he has made to produce 
quality seed stock. This is especially true where a seed plat is main- 
tained year after year and the crop has been officially inspected and 
passed by a duly authorized seed-certification inspection officer. 
Just what increase in price over ordinary stock one is entitled to 
receive for such efforts and for the inspection fees involved is not an 
easy matter to determine. It is believed that a premium of 50 cents 
ver bushel over the market price of table stock of the same variety 
is ordinarily sufficient to amply repay the grower. Opinions, however, 
will differ upon this point. At the present time the price of certified 
seed stock varies all the way from $1 to $3.50 per hundredweight— 
60 cents to $2.10 per bushel. 


IMPORTANCE OF TUBER SHAPE. 


Reasonable trueness of the tubers to varietal type is generally 
demanded by the purchaser of certified seed. And most writers who 
have dealt with the subject of good seed have always placed strong 
emphasis upon the importance of its being true to type. Rather 
recently, however, some scientific as well as practical growers have 
been disposed to regard tuber shape as being of less importance than 
has been previously supposed. They have come to regard tubers 
that have departed from the type as a result of unfavorable environ- 


mental conditions as being satisfactory for seed purposes. __ 
As a result of a long-continued preachment of the undesirability 
of slightl ore tubers for seed purposes many cars of otherwise 


high-grade seed stock have been annually rejected by the southern 
truck grower. This is particularly true in the case of conspicuously 
flattened and somewhat elongated tubers of the Irish Cobbler variety. 
The Irish Cobbler grower in the South has come to demand roundish 
tubers and is suspicious of the purity of seed stock containing 
flattened and somewhat elongated tubers and generally protests 
their acceptance as strictly first-class seed stock. In fact, he is 
inclined to regard the off-type tubers as Green Mountain. The only 
obvious way of correcting these firmly rooted convictions is to 
demonstrate experimentally that off-type tubers resulting from 
unfavorable soil, cultural, or climatic conditions are no more likely 
to produce off-type progeny than are normal-shaped ones. This 
statement, however, doa not apply to off-type tubers resulting from 
disease; such tubers should not be planted. The ~ tuber 
recently recognized by pathologists as a communicable disease is 
very similar in its method of transmission to that of leaf-roll and 
the mosaic disease. Figure 6, A, represents a fairly good example of 
spindle tubers. It is important, therefore, in the purchase of some- 
what off-type seed potatoes to know whether the change in shape is 
really due to unfavorable environmental factors and not to disease, 
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CAREFUL HARVESTING AND STORAGE OF THE CROP. 


The average grower does not fully appreciate the importance of 
using every means to prevent the mechanical injury of the tubers 
during the process of harvesting and storing. If the crop.is grown 
on land containing a plenteous admixture z small stones the tubers 
are almost certain to be more severely injured in harvesting than 
when grown in a sandy loam soil. Hand digging is not always 
feasible, but it is believed that where small stones abound in the soil 
it will be desirable to harvest the home seed plat by hand. Much 
injury will be avoided if the seed stock desman to planting the field 
plat of the ensuing year is picked directly into crates in which it is 
allowed to remain throughout the storage period. 

The storage conditions necessary to insure vigorous seed at plant- 
ing time are more easily eowviad in the North than in the South. 
In the former region a well-constructed cellar, pit, or cave serves 
reasonably well. The main thing is to keep the room temperature 
sufficiently low to retard germination. The ideal seed tuber is one 
which has not wasted any of its stored-up energy by excessive loss 
through sprouting. (Fig. 7.) It should be firm, with the first sprouts 
just showing. Such tubers can be oe upon, if suitable condi- 
tions _—s , to start quickly when planted and to make a vigorous 
growth. 

The general practice among southern growers of securing seed from 
the North aries in the absence of suitable storage conditions one of 
two things: Either getting the seed potatoes late in the fall and hold- 
ing them over in dugouts, pits, or cellars, with consequent sprout- 
ing before planting, or the risk of having the seed chilled, frozen, or 
overheated while in transit in midwinter. In the writer’s opinion 
the greatest need of the large southern truck grower at present is 
that of suitable storage facilities for handling fall shipments of seed 
potatoes. As a purely economic proposition the proposed change 
ought to commend itself. In probably nine cases out of ten the 
difference in first cost of these potatoes as between fall and mid- 
winter shipments would more than offset the extra cost of storage, 
while the added security from danger of chilling or freezing the ship- 
ment would still further compensate the grower. 

For further particulars on storage, consult Farmers’ Bulletin 847, 
entitled ‘‘ Potato Storage and Storage Houses.” 


LARGE COMPARED WITH SMALL SEED TUBERS. 


In seasons of short production and consequent high prices for table 
stock, the question is frequently raised as to the advisability of using 
the small unsalable tubers for seed. The answer to this question is 
that it is always unsafe to use small tubers for seed purposes unless 
one is absolutely certain that they have been produced by healthy, 
vigorous, and productive plants. As a result of some experimental 
study of this question by Ballou and Gourley * it was found that the 
use of large tubers gave— 

(a) A very heavy, perhaps almost total, percentage of the high-producing 
strains. 


(b) A heavy percentage of the average or moderate-yielding strains. 
(c) A very small percentage of the inferior or low-producing strains. 


* Ballou, F. H., and Gourley, J.H. I. The status of the a growing industry in Ohio. II. Seasonal 
notes on potatoes. Ohio Agr. Exp. Sta. Bul. 218, p. 587. 1910. 
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The use of small potatoes gives — 


(a) A very insignificant percentage of the superior or high-yielding strains. 
(b) A small percentage of the average or moderate-yielding strains. 
(c) A very heavy, almost total, percentage of the low-yielding or inferior strains, 
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e F:G. 7.—Potatoes forsseed purposes, showing different stages of germination: 1, Desirable; 

2, undesirable. 
g The use of small seed potatoes is only permissible when they are 


known to have been produced by strong, healthy, and productive 
plants. It is never advisable to use small tubers from the general 
mass produced from unselected stock. 
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WHOLE COMPARED WITH CUT SEED. 


Considerable attention has been paid to the subject of whole versus 
cut seed at various times by the State agricultural experiment sta- 
tions. The data accumulated in these investigations are for the most 
part conflicting in so far as they pertain to the use of whole seed. In 
general, the data show that within reasonable limits the larger the 
seed piece planted the larger is the crop produced. English and 
Scotch potato growers almost without exception plant whole tubers. 
The seed used usually runs from 1} to 2} inches in diameter, being 
screened out of a crop which as a rule has been grown especially for 
seed purposes. They are harvested before they are mature, and but 
a relatively small proportion of the crop exceeds the size mentioned. 
These growers believe that an earlier and more vigorous growth is 
secured from immature tubers. 

Some of the reasons why European growers have adopted whole 
seed and are succeeding in producing profitable crops are as follows: 
(1) They are assured of an almost perfect stand; (2) there is greater 
freedom from disease; (3) the almost universal practice of germi- 
nating their seed before planting insures &® minimum sedi of 
sprouts; and (4) the greater fertility of their land makes large yields 
of medium-sized tubers possible. 

Some of the reasons for failure in the use of whole seed in this 
country follow: (1) The use of small tubers from unselected stock 
and (2) the development of too many sprouts, with a consequent 
large set of tubers, which, owing to lack of thorough preparation of 
the soil, to scant plant food, and to insufficient moisture, do not 
reach a marketable size, at least in sufficient numbers to produce a 
profitable crop. The development of too many sprouts comes about 
through planting tubers in a dormant condition, which under favor- 
able _ temperature and moisture starts almost every bud into 

rowth. 
. Scotch and Irish potato growers plant not less than 37 bushels 
of seed per acre, and frequently this quantity is greatly exceeded. 
The American grower, on the other Seal plants from 7 to 16 bushels 
per acre, with an average of 9 to 11 bushels. It is believed that the 
average potato production of the United States would be very 
materially increased if a larger quantity of seed were used. 


SUMMARY. 


The production of high-grade seed potatoes should be regarded as a 
special business. 

Good seed is a determining factor in the production of maximum 
crops of potatoes. 

Good strains of seed may be obtained by the tuber-unit, hill- 
selection, mass-selection, field-roguing, or strain-test methods through 
the process of elimination. 

Like produces like. If tubers from unproductive, weak, or diseased 
plants are planted, a poor harvest will be reaped. Use seed from 
productive plants. 

Purity of seed stock is an essential quality of good seed. Serious 
losses are sustained by the grower through mixtures. 
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Good seed can not be produced unless the growing plants are well 
cared for and the strain of seed planted was a good one. 

-A more liberal use of good ps would materially increase the aver- 
age "gp er acre. 

All seed should be disinfected before planting. 

Experimental evidence does not indicate that whole seed is superior 
to cut seed, at least so far as it relates to the United States. 

Good storage facilities are essential to insure sound, firm seed at 
planting time. 
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HE AVERAGE PRODUCTION per acre of potatoes 
in the United States is very much lower than in Canada, 
Great Britain, and European countries outside of Italy. 

One of the reasons for the lower production in the United 
States is that less attention has been given to the character 
of the seed. Good seed is one of the determining factors 
in the production of maximum crops of potatoes. 


The use of high-grade seed would increase the returns from 
the potato crop of the country by many millions of dollars. 


The quality of the seed may be improved through the 
removal of all diseased, weak, or off-type plants as soon 
as they are observable. 

Only seed from productive plants should be used. 

Careful attention should be given to securing seed that is 
free from varietal mixture and that is true to type. 

Good seed can not be produced unless the growing plants 
are given good cultural attention. 

As a rule the quantity of seed used is not sufficient to 
produce a maximum crop. 

From 15 to 18 bushels of seed should be used per acre 
instead of 9 to 11, as at the present time. 

All seed stock should be disinfected before planting. 

Good storage conditions are essential to insure sound, 
firm seed at planting time. 

This bulletin is a revision of and supersedes Farmers’ 
Bulletin 533, Good Seed Potatoes and How to Produce Them. 


Washington, D. C. Issued May, 1923; revised May, 1925 
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SEED POTATOES AND HOW TO PRODUCE THEM. 


By Wiruu1am Stuart, Horticulturist, Office of Horticultural Investigations, 
Bureau of Plant Industry. 
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YIELDS OF POTATOES. 


STUDY of the statistical data upon potato crop production in 
the United States for the last 55 years! reveals the interesting 

fact that relatively little gain in production per acre has been made 
during this period. To partially minimize seasonal variations in 
yield per acre the 55-year period has been divided into eleven 5-year 
cycles and the average production of each cycle compared. During 
the first 5-year cycle, 1868-1872, the average yield per acre was 94.5 
bushels, while in the last 5-year period it was 98.9, or a gain of approxi- 
mately 4.4 per cent. The averages for the eleven 5-year cycles are 
94.5, 88.1, 77.9, 76.7, 74.0, 79.9, 82.2, 96.3, 96.5, 96.0, 98.9 bushels 
per acre, respectively. A study of these data shows that there was 
a very appreciable and more or less grees decline in production per 
acre during the second, third, fourth, and fifth cycles, or from 1875 
to 1892, inclusive, and that during the next three cycles there was 
a decided increase, the fifth cycle showing a slight increase over the 
first cycle. From this period until 1908 to 1922 the increase has 
been a very nominal one, unless we choose to regard the 1918 to 1922 
performance as indicating a permanent improvement in the per acre 
production of potatoes. From the data presented it is evident that 
the slight gain in average yield per acre (4.4 per cent) in the last of 
the eleven 5-year cycles over that of the first cycle is not sufficient 
to account for the increased production of potatoes in the United 
States. The total average a production in the United States for 
the years 1868 to 1872 was 117,745,800, while in the last 5-year period 
(1918-1922) the average production was 390,615,600 bushels, or an 
increase over the first period of more than 231 per cent. During this 
same period the increase in acreage devoted to potato production has 
been more than 217 per cent. These data show conclusively that in- 
creased production in the United States during the last 55 years has 
been almost entirely due to increased acreage rather than to any mate- 
rial improvement in cultural practices resulting in larger yields per acre. 
Table 1 and the accompanying diagrams (figs. 1 to 3) chase the 
average acre yields, the farm price per bushel, the acreage grown, 





1 The statistical data upon which these studies are based were obtained for the years 1868 to 1888 from the 
United States Department of Agriculture Yearbook for 1917, p. 657; for 1889 to 1895 from the 1920 Yearbook, 
p. 617; for 1896 to 1920 from the 1921 Yearbook, p. 583; and for 1921 to 1922 from the December 23, 1922, issue 
ofthe United States Department of Agriculture Weather Crops and Markets publication, p. 565. 
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and the total production of potatoes, while Figure 4 shows the 
population of the United States during the eleven 5-year cycles 
studied. In the construction of these diagrams it has not been 
feasible to employ the same scale in any two of them, owing to the 
great difference in the magnitude of the figures treated. A careful 
study of the first diagram (fig. 1), in which the acreage yicld and 
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Fig. 1.—Diagram showing the average number of bushels per acre and the average farm price per bushel 
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of potatoes grown in the United States by 5-year periods from 168 to 1922. 
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farm price per bushel are given, shows that the acreage-production 
curve, if drawn on the chart, would somewhat resemble the curve 
of a scimitar blade, in which the extreme ends of the blade represent 
the maximum yields for each half of the curve. 


TaBLe 1.—Averages of acreage, production, and farm values of potatoes in 5-year periods 
from 1868 to 1922, inclusive. 
| Production (bushels). | Farm value on Dec. 1. 


Number Per 
of acres. | bushel 
(cents). 


5-year period. 


Total | Per acre. Total. 
| 


94.5 | $64,123, 600 
88. 1 68, 665, 600 
77.9 | 
76.7 | 
74.0 | 


BEBE. cbdy odackcamencatiasdacdes 
1873 to 1877 


117, 745, 800 | 
134, 773, 200 
150, 706, 200 
175, 197, 800 
194, 939, 400 
231, 757, 800 
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1, 246, 200 | 
1, 529, 800 
1,934, 200 | 
2, 284, 000 | 
2, 633, 800 | 
2,900, 400 
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82, 295, 000 
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1918 to 1922 


2) 968, 200 


3, 812, 400 


3, 948, 400 


243, 866, 400 
309, 568, 200 
351, 793, 800 
366, 045, 600 
390, 615, 600 


117, 671, 600 
170, 652, 800 
213, 038, 200 
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425, 975, 400 
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The gradual decline in yields during the first half of this period 
is thought to be largely due to the following factors: 


t The ravages occasioned by the Colorado potato beetle during the early period of 
its invasion of the eastern United States. 

The financial depressions of 1877 and 1893, which brought about a well-marked 
decline in agriculture in New England, New York, and the other heavy potato- 
producing areas of the northeastern United States. 

A gradual depletion of soil fertility. 
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Of the factors which have checked the downward tendency and 
contributed most largely toward a return to the old production level 
the following are thought to have been most potent: 


The influence of the agricultural experiment stations, agricultural colleges, and 
the United States Department of Agriculture through experimentations, demonstra- 
tion, and the dissemination of literature. 

The influence of the Bordeaux-mixture treatment in the control of fungous diseases 
affecting the potato. 

The development of special potato-growing sections, as, for example, Aroostook 
County, Me., the Atlantic Coastal Plain trucking region, the Greeley and Carbondale 
districts of Colorado, and many other areas, in which the average yield is approxi- 
mately from two to three times the general average for the United States. 
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Fig. 2.—Diagram showing the average potato acreage of the United States by 5-year periods from 1868 
to 1922. 
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Figures 1 to 4 show a comparison of the relation of increased pro- 
duction to a constantly increasing population. The diagrams show 
that under normal conditions production is keeping pace with popu- 
lation. Crop shortages are, therefore, the result of abnormal or 
unfavorable conditions. 

In comparing the average crop production of potatoes in the United 
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sae States with that of Great Britian, one is prams with the fact that 
46.9 generally speaking we have much yet to learn before we can raise 
“3 our average to that of that country. During the years 1901 to 1910, 
484 inclusive, the average acre yield in Great Britain was approximately 
60.8 200 bushels, while that in the United States was not quite 93 bushels. 
109.1 
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Of the many causes which produce a low average potato yield in 
this country, poor seed is thought to be important. The American 
potato grower pays too little attention to his seed potatoes. Euro- 
pean growers pay very strict attention to the quality and quantity 
of seed they use. This has led to the differentiation of the potato 
growers into seed and crop specialists. The seed specialist makes a 
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Fie. 3.—Diagram showing the average oneme —— of the United States by 5-year periods from 
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business of producing high-quality seed, while the crop specialist 
produces a high-grade table potato. Until rather sent no such 
differentiation, at least to any marked extent, could be claimed in 


this country. However, with the adoption of aa ection 
entucky 


and certification in California, Colorado, Idaho, , Maine, 
Maryland, Michigan, Minnesota, Montana, Nebraska, New Hamp- 
shire, New Jersey, New York, North Dakota, Oregon, Pennsylvania, 
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Fic. 4.—Diagram showing the population of the United States by decades from 1870 to 1920. 


South Dakota, Vermont, Washington, Wisconsin, Wyoming, and all 
of the Canadian Provinces, groups of seed-potato growers are grad- 
ually being evolved. A further stimulus to those who are engaged 
in the siecidaotions of seed potatoes is the increasing demand for good 
seed stock at prices which are sufficiently remunerative to well repay 
the grower for the extra care given to the crop. 
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WHAT CONSTITUTES GOOD SEED. 


Two factors are involved in the consideration of good seed pota- 
toes: (1) The physical or outward appearance of the tubers and 
(2) the heritable or transmissible characters of the stock. The first 
involves the purity and maturity of the stock, uniformity in size 
and shape of the tubers, brightness of skin, firmness of flesh with 
first sprouts just showing, and freedom from scab, Rhizoctonia, late- 
blight, or other tuber-decay diseases. The second factor deals with 
nonobservable characters and is by far the more important one, as 
it involves the presence or absence of the virus diseases causing mo- 
saic, leaf-roll, spindle-tuber, streak, and yellow dwarf. Freedom from 
the virus diseases is an important consideration and can only be 
assured through personal inspection of the growing plants from which 
the seed was obtained or by the purchase of reliably certified stock. 
If in any given year it were possible to plant the entire potato acreage 
of the United States with first-class seed stock the total production 
would be increased from 10 to 25 per cent. Based on the average 
production for the 5-year period from 1918 to 1922, this increase 
would represent from 39 to 974 million bushels, or an increase in 
money value of $40,333,000 to $106,333,000. 


CERTIFIED AND UNCERTIFIED SEED. 


The rapid increase in acreage and production of certified seed po- 
tatoes, together with the premium over uncertified seed demanded 
by the grower for such stock, has made it necessary to demonstrate 
its superiority over ordinary seed. In the early and consequently 
developmental period of seed certification the producers’ claims of 
superiority were not sufficiently well supported by experimental evi- 
dence to make them convincing. To-day there is abundant evidence 
of the general superiority of certified over uncertified seed potatoes. 
In a recent paper presented at the 1924 annual meeting of the Potato 
Association of America, H. C. Moore, of the Michigan Agricultural 
College, submitted data covering actual comparative tests by a large 
number of independent investigators, as shown in Table 2.? 


TaBLE 2.—Comparative tests of potato yields, showing the advantage of using certified seed. 
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These and many other data serve to emphasize the value of high- 
grade seed. They also indicate the =~ superiority of certified 
over noncertified stocks as a source of good seed. 





*Moore, H. C. Evidence that certified seed is improved seed. Jn Proc. llth Ann. Meeting, Potato 
Assoc. America, 1924, p. 28. 1925. 
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UNIFORMITY IN SIZE AND SHAPE OF TUBERS. 


Under normal conditions of growth many present-day commercial 
varieties are very variable in size and shape of tuber. To some 
extent both size and shape are determined - the character of the 
soil, rate of planting, fertilization, and cultural care given the growing 
crop. Inheritance, however, plays a very important part. Most 
varieties contain within themselves distinct varietal strains which 
when isolated are much more uniform in respect to size and shape 
than the variety itself. Other things being equal, the variety or 
varietal strain that produces the greatest number of fair-sized shapely 
tubers and the smallest number of ill-shaped and small tubers should 
prove the most valuable, because it involves less waste to both the 
a and the consumer. It is particularly important at _— 
that such strains be developed, because there is an increasing demand 
for fancy table stock to satisfy the requirements of a large and 
discriminating class of consumers who are insisting on greater uni- 
formity in size and shape and are willing to pay a premium on such 
grades. 


DEVELOPMENT OF HIGH-GRADE SEED POTATOES. 


The successful production of high-grade seed potatoes is very 
largely dependent upon the following factors: (1) Starting with a 
good strain; (2) the proper treatment of the seed; (3) thorough prep- 
aration and proper fertilization of the soil; (4) the following of the best 
cultural practices, including protection against insect and fungous 
pests; (5) the elimination of all mixtures and all diseased or weak 
plants; and (6) the careful harvesting and proper storage of the crop. 


SECURING A GOOD STRAIN OF SEED. 


If the strain of seed you are using is lacking in vigor, it is generally 
advisable to discard it and purchase a new lot from some reliable 
rower whose stock you have reason to believe is superior to yours. 
his suggestion is made as the result of a rather wide experience in 
trying to improve poor strains of potatoes through selection methods. 
Such attempts have usually resulted in failure, and it is felt that as a 
rule much more satisfactory progress can be made by starting with 
a new strain. Further improvement can usually be secured through 
selection. 


SEED-POTATO IMPROVEMENT BY SELECTION. 


The improvement of seed potatoes by selective processes has lon 
engaged the attention of the potato grower. Recent experiment 
evidence seems to indicate that the possibilities of improving potato 
seed stock by selective processes seme are not as great as many 
writers upon this subject have claimed. To those who have devoted 
much time and effort to the improvement of the potato by selection 
it would appear that the chances of finding superior yielding true-to- 
type strains within a variety are not as great as has been believed. 

e chief advantages to be derived from seed-potato selection prac- 
tices are the elimination of diseased and weak plants and the removal 
of varietal mixtures. 
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IMPROVEMENT PRACTICES. 






Five improvement practices may be used in securing a high- 
yielding and commercially desirable strain of potatoes: (1) The 
tuber-unit method, (2) hill selection, (3) mass selection, (4) field 
roguing, and (5) strain testing. 

In early editions of Farmers’ Bulletin 533 considerable emphasis 
was laid upon the tuber-unit method of seed-potato improvement; sub- 
sequent experiences of the writer and others have indicated that this 
method is not as satisfactory or as practical in operation as the other 
four methods suggested. It is thought desirable, however, to briefly 
describe the tuber-unit method because some of its processes are 
applicable to other selection methods. 















TUBER-UNIT METHOD.! 


The tuber-unit method, as now generally understood, consists in 
selecting from the seed bin before planting time a considerable num- 
ber of the most perfectly shaped tubers ranging from 6 to 8 ounces in 
weight. When planted, these tubers are quartered, as dropped, into 
four as nearly equal parts as possible, by splitting the bud-eye cluster 
twice from seed to stem end of the tuber. In other words, the tuber 
is cut through its longitudinal axis. The four pieces of each tuber 
are dropped consecutively in the row at a distance of from 10 to 12 
























inches apart in the furrow. All tubers showing discoloration of 

: the flesh or other evidence of disease should be rejected. By allow- 

t ing an additional spacing between each set of fours, the four plants 
; from each tuber are definitely isolated from adjoining ones and 
le the grower can readily observe any variation in vigor and uniformity 

between the various units planted. This method also enables him 

F to detect any mixtures that may occur in thevariety. All mixtures 

: should at once be removed. By marking the units which appear 

to be the most uniform in size, vigor, and type when the plants 

y are still in vigorous growth, the first step in selection has been accom- 

e F lished. At digging time the product of each unit is separately 

. OE harvested and a further selection made from the marked units of all 

n tubers which most nearly approach the size, shape, and smoothness 
3. desired. The selected tubers of each unit should be separatel 
a — in small sacks, preferably cotton or burlap, numbered wit 

h oth field and unit numbers, and stored to await further examination. 

h The final examination should produce data on the number and 


weight of merchantable and unmerchantable tubers and their general 
conformity in size, shape, and smoothness of the type desired. From 
each of the units retained 10 of the best tubers should be selected for 
the next season’s planting. 

It is desirable to maintain the study of each selection on the tuber- 













to unit basis the following season, because it permits a more accurate 
Ly comparison of the behavior of each. The 10 selected tubers from each 
od original unit will give 40 plants for study the second year. All selec- 
on tions which do not produce a reasonably uniform lot of plants should 
0- be marked for rejection. At harvest time the progeny of each selec- 
cd. ¥ 

i For further information concerning the arrangement of a tuber-unit selection plat and a convenient 
uc system of note taking, see Stuart, William, The ‘‘tuber-unit’’ method of seed-potato improvement. 
ral U.S. Dept. Agr., Bur. Plant Indus. Cir. 113, pp. 25-31, 2 fig. 1913. 
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tion should be kept by itself and the same data recorded as those 
taken on the crop grown from the original tuber unit. Only the 
product from such 40-hill rows as meet the most rigid requirements 
should be retained. The further conduct of the work will consist in 
the multiplication of the selected strains for field planting and the 
elimination of weak plants. 


HILL SELECTION. 


The hill-selection method consists in marking the most promising 
plants during the growing season and at harvesting time saving 
only those which give the greatest promise. (Figs. 5 and 6.) The 
progeny of each hill should be kept separate and the same data taken 
as outlined for the tuber unit. Plant on the tuber-unit or progeny- 


Fic. 5.—Progeny of a mosaic-infected potato plant of the Triumph variety on the left (A) and ofa healthy 
plant on the right (B). Bin selection of such seed would result in taking at least two tubers from the 
mosaic plant. If small tubers were used all would come from diseased plants. In hill-selection work 
the progeny of plant B should besaved. 


row basis the following season. For the sake of uniformity a definite 
number of tubers (five or more) should be planted from each hill 
selection. From this point on, follow the methods given in tuber-unit 


work. 
MASS SELECTION. 


Mass selection differs from hill selection in only one respect, which 
is that the tubers from the individually selected plants are not kept 
separate. Generally those who practice mass selection do not go to 
the trouble of marking promising individual plants during the growing 
season, but simply go through the field before harvesting the whole 
crop and dig by hand as many plants as may be desired to secure the 
necessary quantity of seed that show the desired vigor and stem 
characters thought to be correlated with productiveness, trueness to 
type, and uniformity in size of tubers of the particular variety grown. 
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FIELD ROGUING. 


Improvement of the seed stock through field roguing consists in 
the removal of all diseased, weak, off-type, or varietal-mixture 
plants during the growing season. The successful removal of such 
plants does not necessarily involve an intimate knowledge of the 
various diseases affecting the potato, but it does require that the 
person doing the roguing be able to tell whether a plant is normal or 
abnormal in appearance. A sufficient field area should be rogued 
the first year to provide the quantity of seed necessary to plant the 
full acreage to be grown the ensuing season. The area to be rogued 
should be gone over at least three times during the growing season, 
to insure the removal of all plants affected with transferable diseases, 
such as mosaic and leaf-roll, as soon as their presence can be detected. 
In the field-roguing method no attempt is made to select the progeny 
of individual plants at harvesting time, the whole crop being dug 
and all desirable seed stock gathered and stored in bulk. 





Fic. 6.—Progeny from abnormal (A) and normal (B) plants of the Russet Burbank potato. Plant A is 
known in the West as a degenerate or run-out plant, and the disease with which it is affected is prob- 
ably identical with that recently termed ‘‘spindle tuber.’’ It is a communicable disease and may 
become serious. In hill-selection work the progeny of plants such as B should be saved. 














STRAIN TESTING. 


The improvement of seed potatoes by the strain test, or, as it 
might more properly be termed, the “source-of-seed test’? method, 
consists in securing as many as possible desirable lots of seed stock 
of the same variety from different growers throughout a given dis- 
trict or State, or even from various States, and carefully studying 
their behavior when grown side by side under identical soil anc 
cultural conditions. Experimental studies by this method of seed 
improvement have demonstrated that some lots or strains of seed 
stock are far superior to others; in fact, differences in yield of more 
than 100 bushels per acre have been noted between the lowest and 
highest yielding strains. Furthermore, it has been conclusively 
demonstrated by numerous trials that these yields were not acci- 
dental, but that in practically every instance the high-yielding 
strains have consistently given larger yields wherever tested. 
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The improvement of seed stock by this method does not consist 
in the actual isolation and development of a strain from a given 
variety, but rather in locating, as it were, by comparative tests the 
really superior sources of seed stock. The actual improvement 
egal is measured by the success attending one’s efforts in 
getting live, up-to-date growers to discard their inferior strains and 
purchase the superior one, as shown by the tests made. 

The practical operation of such a movement may be best empha- 
sized by stating that in 1921 over 100 potato growers in Wisconsin 
grew seed stock of a superior strain of int 4 potatoes located in 
this manner in 1918. 

It should be remembered that whatever selection practice is pur- 
sued the fields devoted to the production of high-quality seed must 
be carefully rogued if the vigor of the seed stock is to be maintained, 


RELATIVE MERITS OF THE PRECEDING PRACTICES. 


In the preliminary discussion of seed-potato improvement in this 
bulletin it is intimated that the chance of securing a superior strain 
of a commercial variety of potato through selective processes is not 
as great as earlier writers on this subject have claimed. A careful 
consideration of all the experimental evidence thus far presented 
would seem to justify the conclusion that the tuber-unit method of 
seed-potato improvement does not afford as satisfactory a starting 
point for selection work as the hill-selection method. The evidence 
at hand would also seem to indicate that neither of these practices 
is to be commended to the average grower of seed potatoes, as both 
methods involve an expenditure of a greater amount of time and 
effort in properly observing the details necessary to their successful 
application than can reasonably be expected of such a grower. 

e tuber-unit and hill-selection methods can only be recommended 
to those growers who have ample time or means to undertake these 
studies and to those experiment-station investigators who have the 
facilities necessary for carrying on such work. 

The “‘mass-selection’”’ and the “field-roguing’’ methods are more 
nearly adapted to the average grower, as neither method involves 
the growing and keeping separate of a large number of individual 
selections. Both are so simple of execution that any person of 
ordinary intelligence can practice them. 

Strain testing involves a somewhat more elaborate plan of oper- 
ation, in that it requires the purchasing and growing of several 
strains of a given variety under as nearly identical conditions as it 
is possible to supply. This method of seed-potato improvement 
may be best undertaken by the type of men suggested for the con- 
duct of the tuber-unit and hill-selection systems. The average 
grower should avail himself of the findings of those engaging in 
strain testing and purchase his seed from those growers having the 
most desirable seed stock, as demonstrated by such tests. 


REQUIREMENTS FOR SUCCESS. 


The only requirements for the successful practice of the first two 
methods of seed selection are a reasonable degree of painstaking 
effort on the part of the grower, some 12-inch garden labels, a small 
pair of balances, a sufficient number of suitable small sacks, and a 
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safe place in which to store the selected tubers until required for the 
next season’s planting. In addition to this, the grower should have 
a breeding plat in which each season’s selections can be developed 
up to the point of field-planting stock. This selection or seed plat 
should be located at as great a distance from the commercial potato 
field as possible in order to secure the greatest degree of isolation 
that is feasible. Heretofore the problem of isolation has not received 
due consideration. This was largely owing to the fact that the 
seriousness of such diseases as mosaic, leaf-roll, curly-dwarf, streak, 
and spindle-tuber has only recently come to be recognized. The fact 
that all of these diseases are readily transmitted from diseased to 
healthy plants through the instrumentality of plant lice, or aphids, 
and the further fact that as yet there is no relishie information as 
to the distance insects may transport these diseases suggest as com- 
plete isolation of the seed i as possible. The latest suggestion in 
regard to the production of seed potatoes under isolation is that each 
variety be grown separately, as it has been found that stock of certain 
varieties supposed to be free from mosaic have served as disease car- 
riers to more susceptible varieties. For example, it is not desirable 
to grow the Irish Cobbler adjacent to the Green Mountain intended 
for certification, as the former may carry the mosaic virus without 
expressing it. The danger from contamination of the healthy Green 
Mountain strain by the Irish Cobbler is considered sufficiently great 
by some seed-certification agencies to cause them to refuse to con- 
sider stock thus grown as eligible for certification. The ultimate suc- 
cess of the seed plat in so far as the elimination of tuber-borne diseases 
is concerned rests largely upon the ability of the grower to recognize 
diseased plants and the promptness with which they are removed 
from the seed plat and destroyed. Frequent and thorough inspec- 
tions of the seed plat are necessary to insure the largest possible 
reduction of diseased plants and to reduce the transmission of disease 
from diseased to healthy plants. 


SEED TREATMENT. 


It is impossible to produce high-grade seed potatoes if the seed 
planted is infected with disease organisms capable of infecting the 
crop. The disinfection of the seed potatoes is therefore necessary if 
the best results are to follow. The two diseases for which seed pota- 
toes are ordinarily treated are common scab and black scurf, or 
Rhizoctonia. The two disinfecting agents recommended for such 
treatment are formalin and corrosive sublimate (mercuric chlorid, or 
bichlorid of mercury). Formalin is as effective against the com- 
mon scab as corrosive sublimate, but it does not give as good results 
in the destruction of the black-scurf fungus. When the latter is 
yresent on the tubers corrosive sublimate should be used. The 
omnis recommended for these two disinfectants are as follows: 
(1) Formalin, 1 pint. (2) Corrosive sublimate, 4 ounces. 
Water, 30 gallons. Water, 30 gallons. 

If the formalin treatment is selected the seed potatoes should be 
soaked in this solution from one-half to 14 hours. Recent experi- 
ments by Dr. I. E. Melhus, of the lowa Experiment Station, indicate 
that an immersion of the seed potatoes for 2 minutes in a formalin 
solution of twice the stength mentioned heated to a temperature 
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of 122° F. and covered for an hour after their removal from the hot 
liquid is just as effective as the longer treatment in the cold solution. 

When the corrosive-sublimate solution is used, the length of the 
immersion should be governed by the condition of the tubers and their 
freedom from, or the severity of, the black-scurf infection. If the 
tubers are dormant and they are more or less infected with the 
sclerotia of the black scurf the treatment may be prolonged to 14 or 
2 hours. If they have started to germinate and are reasonably free 
from black scurf the period may be shortened to a half hour or less. 

The treated tubers should on no account be allowed to come in 
contact with such receptacles as old sacks and barrels in which diseased 
seed has been handled, as they are almost certain sources of reinfection. 


PREPARATION AND FERTILIZATION OF THE SOIL. 


Strong, vigorous plants can not be produced on land that has been 
poorly prepared or that is deficient in available plant food. Seed 
potatoes should be grown on land that has been deeply plowed and 
thoroughly prepared to receive the seed. It should be well supplied 
with organic matter and available plant food. A clover or alfalfa sod 
furnishes the organic matter and considerable of the plant food. 
Barnyard manures or commercial fertilizers, or both, will supply 
the additional plant food necessary to produce a good crop 


CAREFUL CULTURAL PRACTICES. 


The vigor of the seed stock produced is to a large extent dependent 


on the care given to the growing —_ Uniformity in the size of the 
y 


tubers is to a large extent governed by the rate of planting. Closer 
planting should be practiced in the growing of seed than of table 
stock. Some growers in Aroostook Sound, Me., space their rows 
from 32 to 36 inches apart and the plants in the row 8 to 12 inches, 
The crop should be cultivated as frequently as may be necessary to 
provide the most suitable growing conditions. 

Every effort should be made to protect the plants from injury by 
insect or fungous pests. Leaf-eating insects can be effectively con- 
trolled if the plants are thoroughly sprayed with arsenical poisons; 
sucking insects with contact solutions, such as kerosene emulsion and 
nicotine; and fungous diseases, such as the early and late blights, with 
Bordeaux mixture. In every operation it should be remembered 
that whatever contributes to the health of the plant increases the 
vigor of the seed stock produced. 


ELIMINATION OF VARIETAL MIXTURES AND DISEASED 
OR WEAK PLANTS. 


The vegetable-seed growers employ the term “roguing” to denote 
the process of removing all mixtures or ee ana from the seed 
plat. As this term, when understood, is a brief and yet sufficiently 
descriptive way of indicating the process of eliminating all undesir- 
able plants or ‘“‘rogues,”’ it is proposed to use it in this connection. 

It is an easy matter to rogue a seed-improvement or selection 
_~ during the growing season. Varietal mixtures are more easily 

etected when the plants are in bldom. Weak plants are usually 
apparent in the early stages of their growth, as are also certain types 
of diseases, such as mosaic and black-leg, although both may appear 
later. Plants infected with Rhizoctonia and Fusarium are usually 
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not apparent until the latter part of the growing season. It is evi- 
dent from these statements that in order to rogue the seed plat 
thoroughly it is necessary to make two or three examinations of the 
field or plat during the growing season. Further roguing should be 
done when the crop is Tarrested by discarding the progeny of all 
low-producing plants. (Fig. 5, A.) 


MONETARY VALUE OF GOOD SEED POTATOES. 


The producer of high-grade seed potatoes is justly entitled to a 
fair monetary return for the special efforts he has made to produce 
quality seed stock. This is especially true where a seed plat is main- 
tained year after year and the crop has been officially inspected and 

assed by a duly authorized seed-certification inspection officer. 
Saat what increase in price over ordinary stock one is entitled to 
receive for such efforts and for the inspection fees involved is not an 
easy matter to determine. It is believed that a premium of 50 cents 

er bushel over the market price of table stock of the same variety 
is ordinarily sufficient to amply repay the grower. Opinions, however, 
will differ upon this point. At the present time the price of certified 
seed stock varies all the way from $1 to $3.50 per hundredweight— 
60 cents to $2.10 per bushel. 


IMPORTANCE OF TUBER SHAPE. 


Reasonable trueness of the tubers to varietal type is generally 
demanded by the purchaser of certified seed. And most writers who 
have dealt with the subject of good seed have always placed strong 
emphasis upon the importance of its being true to type. Rather 
recently, however, some scientific as well as practical growers have 
been disposed to regard tuber shape as being of less importance than 
has been previously supposed. They have come to regard tubers 
that have departed from the type as a result of unfavorable environ- 
mental conditions as being satisfactory for seed purposes. 

As a result of a long-continued preachment of the undesirability 
of slightly off-type tubers for seed purposes many cars of otherwise 
high-aeaile seed stock have been annually rejected by the southern 
truck grower. This is particularly true in the case of conspicuously 
flattened and somewhat elongated tubers of the Irish Cobbler variety. 


’ The Irish Cobbler grower in the South has come to demand roundish 


tubers and is suspicious of the purity of seed stock containing 
flattened and somewhat elongate vabeds and generally protests 
their acceptance as strictly first-class seed stock. In fact, he is 
inclined to regard the off-type tubers as Green Mountain. The only 
obvious way of correcting these firmly rooted convictions is to 
demonstrate experimentally that off-type tubers resulting from 
unfavorable soil, cultural, or climatic conditions are no more likely 
to produce off-type progeny than are normal-shaped ones. This 
statement, however, does not apply to off-type tubers resulting from 
disease; such tubers should not be planted. The spindle-tuber 
recently recognized by pathologists as a communicable disease is 
very similar in its method of transmission to that of leaf-roll and 
the mosaic disease. Figure 6, A, represents a fairly good example of 
spindle tubers. It is important, therefore, in the purchase of some- 
what off-type seed potatoes to know whether the change in shape is 
really due to unfavorable environmental factors and not to disease. 
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CAREFUL HARVESTING AND STORAGE OF THE CROP. 


The average grower does not fully appreciate the importance of 
using every means to prevent the mechanical injury of the tubers 
during the process of harvesting and storing. Jf the crop is grown 
on land containing a plenteous admixture of small stones the tubers 
are almost certain to be more severely injured in harvesting than 
when grown in a sandy loam soil. Head digging is not always 
feasible, but it is believed that where small stones abound in the soil 
it will be desirable to harvest the home seed plat by hand. Much 
injury will be avoided if the seed stock designed for planting the field 
plat of the ensuing year is picked directly into crates in which it is 
allowed to remain throughout the storage period. 

The storage conditions necessary to insure vigorous seed at plant- 
ing time are more easily srovided in the North than in the South. 
In the former region a well-constructed cellar, pit, or cave serves 
reasonably well. The main thing is to keep the room temperature 
sufficiently low to retard germination. The ideal seed tuber is one 
which has not wasted any of its stored-up energy by excessive loss 
through sprouting. (Fig. 7.) It should be firm, with the first sprouts 
just showing. Such tubers can be er upon, if suitable condi- 
tions oo , to start quickly when planted and to make a vigorous 

rowth. 

: The general practice among southern growers of securing seed from 
the North arvana in the absence of suitable storage conditions one of 
two things: Either getting the seed potatoes late in the fall and hold- 
ing them over in dugouts, pits, or cellars, with consequent sprout- 
ing before planting, or the risk of having the seed chilled, frozen, or 
overheated while in transit in midwinter. In the writer’s opinion 
the greatest need of the large southern truck grower at present is 
that of suitable storage facilities for handling fall shipments of seed 
potatoes. As a purely economic a the proposed change 
ought to commend itself. In probably nine cases out of ten t 
difference in first cost of these potatoes as between fall and mid- 
winter shipments would more than offset the extra cost of storage, 
while the added security from danger of chilling or freezing the ship- 
ment would still further compensate the grower. 

For further particulars on storage, consult Farmers’ Bulletin 847, 
entitled ‘‘ Potato Storage and Storage Houses.” 


LARGE COMPARED WITH SMALL SEED TUBERS. 


In seasons of short production and consequent high prices for table 
stock, the question is frequently raised as to the advisability of using 
the small unsalable tubers for seed. The answer to this question is 
that it is always unsafe to use small tubers for seed purposes unless 
one is absolutely certain that they have been produced by healthy, 
vigorous, and productive plants. As a result of some experimental 
study of this question by Ballou and Gourley‘ it was found that the 
use of large tubers gave— 

(a) A very heavy, perhaps almost total, percentage of the high-producing 
strains. 


(b) A heavy percentage of the average or moderate-yielding strains. 
(c) A very small percentage of the inferior or low-producing strains. 





4 Ballou, F. H., and Gourley, J.H. I. The status of the potato growing industry in Ohio. II. Seasonal 
uotes on potatoes. Ohio Agr. Exp. Sta. Bul. 218, p. 587. 1910. 
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The use of small potatoes gives— 
(a) A very insignificant percentage of the superior or high-yielding strains. 
(b) A small percentage of the average or moderate-yielding strains. 
(c) A very heavy, almost total, percentage of the low-yielding or inferior strains, 


I'ia. 7.—Potatoes for seed purposes, showing different stages of germination: 1, Desirable; 
2, undesirable. 


The use of small seed potatoes is only permissible when they are 
known to have been produced by strong, healthy, and productive 
- o y> 
plants. It is never advisable to use small tubers from the general 
mass produced from unselected stock. 
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WHOLE COMPARED WITH CUT SEED.‘ 


Considerable attention has been paid to the subject of whole versus 
cut seed at various times by the State agricultural experiment sta- 
tions. The data accumulated in these investigations are for the most 
part conflicting in so far as they pertain to the use of whole seed. In 
general, the data show that within reasonable limits the larger the 
seed piece planted the larger is the crop produced. English and 
Scotch potato growers almost without exception plant whole tubers. 
The seed used usually runs from 1} to 2} inches in diameter, being 
screened out of a crop which as a rule has been grown especially for 
seed purposes. They are harvested before they are mature, and but 
a relatively small proportion of the crop exceeds the size mentioned. 
These growers believe that an earlier and more vigorous growth is 
secured from immature tubers. 

Some of the reasons why European growers have adopted whole 
seed and are succeeding in producing profitable crops are as follows: 
(1) They are assured of an almost perfect stand; (2) there is greater 
freedom from disease; (3) the almost universal practice of germi- 
nating their seed before planting insures a minimum number of 
sprouts; and (4) the greater fertility of their land makes large yields 
of medium-sized tubers possible. 

Some of the reasons for failure in the use of whole seed in this 
country follow: (1) The use of small tubers from unselected stock 
and (2) the development of too many sprouts, with a consequent 
large set of tubers, which, owing to lack of thorough preparation of 
the soil, to scant plant food, and to insufficient moisture, do not 
reach a marketable size, at least in sufficient numbers to produce a 
profitable crop. The development of too many sprouts comes about 
through planting tubers in a dormant condition, which under favor- 
able soil temperature and moisture starts almost every bud into 
growth. 

Scotch and Irish potato growers plant not less than 37 bushels 
of seed per acre, and frequently this quantity is greatly exceeded. 
The American grower, on the other hand, plants from 7 to 16 bushels 
per acre, with an average of 9 to 11 bushels. It is believed that the 
average potato production of the United States would be very 
materially increased if a larger quantity of seed were used. 


SUMMARY. 


The production of high-grade seed potatoes should be regarded as a 
special business. 

Good seed is a determining factor in the production of maximum 
crops of potatoes. 

Certified seed is generally superior to noncertified seed. 

Good strains of seed may ‘ obtained by the tuber-unit, hill- 
selection, mass-selection, field-roguing, or strain-test methods through 
the process of elimination. 

Like produces like. If tubers from unproductive, weak, or diseased 
plants are planted, a poor harvest will be reaped. Use seed from 
productive plants. 


5 Stuart, W.,and others. Size ofpotatosets: Comparisons of whole and cut seed. U.S. Dept. Agr. Bul, 
1248, 43 pp., illus. 1924. 
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Purity of seed stock is an essential quality of good seed. Serious 
losses are sustained by the grower through mixtures. 

Good seed can not be produced unless the growing plants are well 
cared for and the strain of seed planted was a good one. 

A more liberal use of good seed would materially increase the aver- 
age production per acre. 

All seed shoul be disinfected before planting. 

Experimental evidence does not indicate that whole seed is superior 
to cut seed, at least so far as it relates to the United States. 

Good storage facilities are essential to insure sound, firm seed at 
planting time. 
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HE AVERAGE PRODUCTION per acre of potatoes 
in the United States is very much lower than in Canada, 
Great Britain, and European countries outside of Italy. 


One of the reasons for the lower production in the United 
States is that less attention has been given to the character 
of the seed. Good seed is one of the determining factors 
in the production of maximum crops of potatoes. 

The use of high-grade seed would increase the returns from 
the potato crop of the country by many millions of dollars. 

The quality of the seed may be improved through the 
removal of all diseased, weak, or off-type plants as soon 
as they are observable. 

Only seed from productive plants should be used. 

Careful attention should be given to securing seed that is 
free from varietal mixture and that is true to type. 

Good seed can not be produced unless the growing plants 
are given good cultural attention. 

As a rule the quantity of seed used is not sufficient to 
produce a maximum crop. 

From 15 to 18 bushels of seed should be used per acre 
instead of 9 to 11, as at the present time. 

All seed stock should be disinfected before planting. 

Good storage conditions are essential to insure sound, 
firm seed at planting time. 

This bulletin is a revision of and supersedes Farmers’ 
Bulletin 533, Good Seed Potatoes and How to Produce Them. 


Washington, D. C. Issued May, 1923; revised October, 1926 
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YIELDS OF POTATOES. 


STUDY of the statistical data upon potato crop production in 
A the United States for the last 55 years! reveals the interesting 
fact that relatively little gain in production per acre has been made 
during this period. To partially minimize seasonal variations in 
yield per acre the 55-year period has been divided into eleven 5-year 
cycles and the average production of each cycle compared. During 
the first 5-year cycle, 1868-1872, the average yield per acre was 94.5 
bushels, while in the last 5-year period it was 98.9, or a gain of approxi- 
mately 4.4 per cent. The averages for the eleven 5-year cycles are 
94.5, 88.1, 77.9, 76.7, 74.0, 79.9, 82.2, 96.3, 96.5, 96.0, 98.9 bushels 
per acre, respectively. A study of these data shows that there was 
a very appreciable and more or less gradual decline in production per 
acre during the second, third, fourth, and fifth cycles, or from 1875 
to 1892, inclusive, and that during the next three cycles there was 
a decided increase, the fifth cycle showing a slight increase over the 
first cycle. From this period until 1908 to 1922 the increase has 
been a very nominal one, unless we choose to regard the 1918 to 1922 
performance as indicating a permanent improvement in the per acre 
production of potatoes. From the data presented it is evident that 
the slight gain in average yield per acre (4.4 per cent) in the last of 
the eleven 5-year cycles over that of the first cycle is not sufficient 
to account for the increased production of potatoes in the United 
States. The total average “aed a production in the United States for 
the years 1868 to 1872 was 117,745,800, while in the last 5-year period 
(1918-1922) the average production was 390,615,600 bushels, or an 
increase over the first period of more than 231 per cent. During this 
same period the increase in acreage devoted to potato production has 
been more than 217 percent. These data show conclusively that in- 
creased production in the United States during the last 55 years has 
been almost entirely due to increased acreage rather than to any mate- 
rial improvement in cultural practices resulting in larger yields peracre. 

Table 1 and the accompanying diagrams (figs. 1 to 3) hen the 
average acre yields, the farm price per bushel, the acreage grown, 


1 The statistical data upon which these studies are based were obtained for the years 1868 to 1888 from the 
United States Department of Agriculture Yearbook for 1917, p.657; for 1889 to 1895 from the 1920 Yearbook, 
p. 617: for 1896 to 1920 from the 1921 Yearbook, p. 583; and for 1921 to 1922 from the December 23, 1922, issue 
of the United States Department of Agriculture Weather Crops and Markets publication, p. 565. 
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and the total production of potatoes, while Figure 4 shows the 
population of the United States during the eleven 5-year cycles 
studied. In the construction of these diagrams it has not been 
feasible to employ the same scale in any two of them, owing to the 
great difference in the magnitude of the figures treated. A careful 
study of the first diagram (fig. 1), in which the acreage yield and 
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Fig. 1.—Diagram showing the average number of bushels per acre and the average farm price per bushel 
of potatoes grown in the United States by 5-year periods from 1868 to 1922, 


farm price per bushel are given, shows that the acreage-production 
curve, if drawn on the chart, would somewhat resemble the curve 
of a scimitar blade, in which the extreme ends of the blade represent 
the maximum yields for each half of the curve. 


TaBLe 1.—Averages of acreage, production, and farm values of potatoes in 5-year periods 
from 1868 to 1922, inclusive. 
Production (bushels). | Farm value on Dec. 1. 


Number Per 
f acres , 
eta ae Total |Peracre.} Total. | bushel 

| | (cents). 


5-year period. 


1868 to 1872... 5 1,246,200 | 117,745, 800 94.5 | $64,123, 600 54.5 
1873 to 1877 1,529,800 | 134,773, 200 88.1 | 68, 665, 600 50.9 
1878 to 1882. 1,934, 200 | 150,706, 200 | 77.9 85,547, 200 56.8 
1883 to 1887 2, 284, 000 | 175, 197, 800 | 76.7 82, 295, 000 

2,633, 800 | 194,939, 400 | 74.0 | 93,012, 600 
1893 to 1897 2,900, 400 | 231,757, 800 | 79.9 | 95,258, 400 
1898 to 1902 2,968, 200 243, 866, 400 82.2 | 117,671, 600 
1903 to 1907 3,213, 200 | 309, 568, 200 96.3 170, 652, 800 
PEPER. adh dacox cbbasédeaunsakbacee-s 3,644, 400 | 351, 793, 800 96.5 | 213, 088, 200 

3,812, 400 | 366, 045, 600 96. 322, 292, 400 
sc S occa cekisclals cues acusis 3,948, 400 | 390, 615, 600 ; 425, 975, 400 
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The gradual decline in yields during the first half of this period 
is thought to be largely due to the following factors: 

The ravages occasioned by the Colorado potato beetle during the early period of 
its invasion of the eastern United States. 

The financial depressions of 1877 and 1893, which brought about a well-marked 
decline in agriculture in New England, New York, and the other heavy potato- 
producing areas of the northeastern United States. 

A gradual depletion of soil fertility. 

Of the factors-which have checked the downward tendency and 
contributed most largely toward a return to the old production level 
the following are thought to have been most potent: 

The influence of the agricultural experiment stations, agricultural colleges, and 
the United States Department of Agriculture through experimentations, demonstra- 
tion, and the dissemination of literature. 

The influence of the Bordeaux-mixture treatment in the control of fungous diseases 
affecting the potato. \ 

The development of special potato-growing sections, as, for example, Aroostook 
County, Me., the Atlantic Coastal Plain trucking region, the Greeley and Carbondale 
districts of Colorado, and many other areas, in which the average yield is approxi- 
mately from two to three times the general average for the United States. 
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Fig. 2.—Diagram showing the average potato acreage of the United States by 5-year periods from 1868 
to 1922. 


Figures 1 to 4 show a comparison of the relation of increased pro- 
duction to a constantly increasing population. The diagrams show 
that under normal conditions production is keeping pace with popu- 
lation. Crop shortages are, therefore, the result of abnormal or 
unfavorable conditions. 

In comparing the average crop production of potatoes in the United 
States with that of Great Britian, one is impressed with the fact that 
generally speaking we have much yet to aa before we can raise 
our average to that of that country. During the years.1901 to 191C, 
inclusive, the average acre yield in Great Britain was approximately 
200 bushels, while that in the United States was not quite 93 bushels. 


ee 


Sane NAA 


he 


Late OS 


«< 


« 
aad 


4 


- 


sf 


vee 





4 Farmers’ Bulletin 1332. 


Of the many causes which produce a low average potato yield in 
this country, poor seed is thought to be important. The American 
potato grower pays too little attention to his seed potatoes. Euro- 
pean growers pay very strict attention to the quality and quantity 
of seed they use. This has led to the differentiation of the potato 
growers into seed and crop specialists. The seed specialist makes a 
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Fig. 3.—Diagram showing the average oh of the United States by 5-year periods from 
368 to 1922. 


business of producing high-quality seed, while the crop specialist 
produces a high-grade table potato. Until rather recently no such 
differentiation, at least to any marked extent, could be claimed in 
this country. However, with the adoption of seed-potato inspection 
and certification in California, Colorado, Idaho, Kentucky, Maine, 
Maryland, Michigan, Minnesota, Montana, Nebraska, New Hamp- 
shire, New Jersey, New York, North Dakota, Oregon, Pennsylvania, 
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Fic. 4.—Diagram showing the population of the United States by decades from 1870 to 1920. 


South Dakota, Vermont, Washington, Wisconsin, Wyoming, and all 
of the Canadian Provinces, groups of seed-potato growers are grad- 
ually being evolved. A further stimulus to those who are engaged 
in the spediadtion of seed potatoes is the increasing demand for good 
seed stock at prices which are sufficiently remunerative to well repay 
the grower for the extra care given to the crop. 
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WHAT CONSTITUTES GOOD SEED. 


Two factors are involved in the consideration of good seed pota- 
toes: (1) The physical or outward appearance of the tubers and 
(2) the heritable or transmissible characters of the stock. The first 
involves the purity and maturity of the stock, uniformity in size 
and shape of the tubers, brightness of skin, firmness of flesh with 
first sprouts just showing, and freedom from scab, Rhizoctonia, late- 
blight, or other tuber-decay diseases. The second factor deals with 
nonobservable characters and is by far the more important one, as 
it involves the presence or absence of the virus diseases causing mo- 
saic, leaf-roll, spindle-tuber, streak, and yellow dwarf. Freedom from 
the virus diseases is an important consideration and can only be 
assured through personal inspection of the growing plants from which 
the seed was obtained or by the purchase of reliably certified stock. 
If in any given year it were possible to plant the entire potato acreage 
of the United States with first-class seed stock the total production 
would be increased from 10 to 25 per cent. Based on the average 
production for the 5-year period ah 1918 to 1922, this increase 
would represent from 39 to 974 million bushels, or an increase in 
money value of $40,333,000 to $106,333,000. 


CERTIFIED AND UNCERTIFIED SEED. 


The rapid increase in acreage and production of certified seed po- 
tatoes, together with the premium over uncertified seed demanded 
by the grower for such stock, has made it necessary to demonstrate 
its superiority over ordinary seed. In the early and consequently 
developmental period of seed certification the producers’ claims of 
superiority were not sufficiently well supported by experimental evi- 
dence to make them convincing. To-day there is abundant evidence 
of the general superiority of certified over uncertified seed potatoes. 
In a recent paper presented at the 1924 annual meeting of the Potato 
Association of America, H. C. Moore, of the Michigan Aq 
College, submitted data covering actual comparative tests by a large 4 
number of independent investigators, as shown in Table 2.? 4 


TABLE 2.—Comparative tests of potato yields, showing the advantage of using certified seed. 
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These and many other data serve to emphasize the value of high- 
grade seed. They also indicate the — superiority of certified 
over noncertified stocks as a source of good seed. 


2?Moore, H..C. Evidence that certified seed is improved seed. Jn Proc. llth Ann. Meeting, Potato 
Assoc. America, 1924, p. 28. 1925. 
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UNIFORMITY IN SIZE AND SHAPE OF TUBERS. 


Under normal conditions of growth many present-day commercial 
varieties are very variable in size and shape of tuber. To some 
extent both size and shape are determined by the character of the 
soil, rate of planting, fertilization, and cultural care given the growing 
crop. Inheritance, however, plays a very important part. Most 
varieties contain within themselves distinct varietal strains which 
when isolated are much more uniform in respect to size and shape 
than the variety itself. Other things being equal, the variety or 
varietal strain that produces the greatest number of fair-sized shapely 
tubers and the smallest number of ill-shaped and small tubers should 
prove the most valuable, because it involves less waste to both the 
grower and the consumer. It is particularly important at present 
that such strains be developed, because there 1s an increasing d. mand 
for fancy table stock to satisfy the requirements of a large and 
discriminating class of consumers who are insisting on greater uni- 
formity in size and shape and are willing to pay a premium on such 


grades. 
DEVELOPMENT OF HIGH-GRADE SEED POTATOES. 


The successful production of high-grade seed potatoes is very 
largely dependent upon the following factors: (1) Starting with a 
good strain; (2) the proper treatment of the seed; (3) thorough prep- 
aration and proper fertilization of the soil; (4) the following of the best 
cultural practices, including protection against insect and fungous 
pests; (6) the elimination of all mixtures and all diseased or weak 
plants; and (6) the careful harvesting and proper storage of the crop. 


SECURING A GOOD STRAIN OF SEED. 


If the strain of seed you are using is lacking in vigor, it is generally 
advisable to discard it and purchase a new lot from some reliable 
ower whose stock you have reason to believe is ere to yours. 


his suggestion is made as the result of a rather wide experience in 
trying to improve poor strains of potatoes through selection methods. 
Such attempts have usually resulted in failure, and it is felt that as a 
rule much more satisfactory progress can be made by starting with 
a new strain. Further improvement can usually be secured through 
selection. 


SEED-POTATO IMPROVEMENT BY SELECTION. 


The improvement of seed potatoes by selective processes has long 
engaged the attention of the potato grower. Recent experimental 
evidence seems to indicate that the Seong sages of improving potato 
seed stock by selective processes alone are not as great as many 
writers upon this subject have claimed. To those who have devoted 
much time and effort to the improvement of the potato by selection 
it would appear that the chances of finding superior yielding true-to- 
type strains within a variety are not as great as has been believed. 
The chief advantages to be derived from seed-potato selection prac- 
tices are the elimination of diseased and weak slsats and the removal 
of varietal mixtures. 
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IMPROVEMENT PRACTICES. 


Five improvement practices may be used in securing a high- 
yielding and commercially desirable strain of potatoes: (1) The 
tuber-unit method, (2) hill selection, (3) mass selection, (4) field 
roguing, and (5) strain testing. 

In early editions of Farmers’ Bulletin 533 considerable emphasis 
was laid upon the tuber-unit method of seed-potato improvement; sub- 
sequent experiences of the writer and others have indicated that this 
method is not as satisfactory or as practical in operation as the other 
four methods suggested. It is thought desirable, however, to briefly 
describe the tuber-unit method because some of its processes are 
applicable to other selection methods. 


TUBER-UNIT METHOD.! 


The tuber-unit method, as now generally understood, consists in 
selecting from the seed bin before planting time a considerable num- 
ber of the most perfectly shaped tubers ranging from 6 to 8 ounces in 
weight. When planted, these tubers are quartered, as dropped, into 
four as nearly equal parts as possible, by splitting the bud-eye cluster 
twice from seed to stem end of the tuber. In other words, the tuber 
is cut through its longitudinal axis. The four pieces of each tuber 
are dropped consecutively in the row at a distance of from 10 to 12 
inches apart in the furrow. All tubers showing discoloration of 
the flesh or other evidence of disease should be rejected. By allow- 
ing an additional spacing between each set of fours, the four plants 
from each tuber are definitely isolated from adjoining ones and 
the grower can readily observe any variation in vigor and uniformity 
between the various units planted. . This method also enables him 
to detect any mixtures that may occur in thevariety. All mixtures 
should at once be removed. By marking the units which appear 
to be the most uniform in size, vigor, and type when the plants 
are still in vigorous growth, the first step in selection has been accom- 
lished. At digging time the product of each unit is separately 
harvented and a further selection made from the marked units of all 
tubers which most nearly approach the size, shape, and smoothness 
desired. The selected tubers of each unit should be separatel 
laced in small sacks, preferably cotton or burlap, numbered wit 
Poth field and unit numbers, and stored to await further examination. 
The final examination should produce data on the number and 
weight of merchantable and unmerchantable tubers and their general 
conformity in size, shape, and smoothness of the type desired. From 
each of the units retained 10 of the best tubers should be selected for 
the next season’s planting. 

It is desirable to maintain the study of each selection on the tuber- 
unit basis the following season, because it permits a more accurate 
comparison of the behavior of each. The 10 selected tubers from each 
original unit will give 40 plants for study the second year. All selec- 
tions which do not produce a reasonably uniform lot of plants should 
be marked for rejection. At harvest time the progeny of each selec- 


For further information concernifg the arrangement of a tuber-unit selection plat and a convenient 
system of note taking, see Stuart, William, The ‘‘tuber-unit’’ method of seed-potato improvement. 
U.S. Dept. Agr., Bur. Plant Indus. Cir. 113, pp. 25-31, 2fig. 1913. 
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tion should be kept by itself and the same data recorded as those 
taken on the crop grown from the original tuber unit. Only the 
product from such 40-hill rows as meet the most rigid requirements 
should be retained. The further conduct of the work will consist in 
the multiplication of the selected strains for field planting and the 
elimination of weak plants. 


HILL SELECTION. 


The hill-selection method consists in marking the most promising 
plants during the growing season and at harvesting time saving 
only those which give the greatest promise. (Figs. 5 and 6.) The 
progeny of each hill should be kept separate and the same data taken 
as outlined for the tuber unit. Plant on the tuber-unit or progeny- 


Fic. 5.—Progeny ofa mosaic-infected potato plant of the Triumph variety on the left (A ) and ofa healthy 
plant on the right (B). Bin selection of such seed would result in taking at least two tubers from the 
mosaic plant. If small tubers were used all would come from diseased plants. In hill-selection work 
the progeny of plant B should be saved. 


row basis the following season. For the sake of uniformity a definite 
number of tubers (five or more) should be planted from each hill 


selection. From this point on, follow the methods given in tuber-unit 
work. 
MASS SELECTION. 


Mass selection differs from hill selection in only one respect, which 
is that the tubers from the individually selected plants are not kept 
separate. Genera'ly those who practice mass selection do not go to 
the trouble of marking promising individual plants during the growing 
season, but simply go through the field before harvesting the whole 
crop and dig by hand as many plants as may be desired to secure the 
necessary quantity of seed that show the desired vigor and stem 
characters thought to be correlated with productiveness, trueness to 
type, and uniformity in size of tubers of the particular variety grown. 
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FIELD ROGUING. 


Improvement of the seed stock through field roguing consists in 
the removal of all diseased, weak, ofi-type, or varietal-mixture 
plants during the growing season. The successful removal of such 
plants does not necessarily involve an intimate knowledge of the 
various diseases affecting the potato, but it does require that the 
person doing the roguing be able to tell whether a plant is normal or 
abnormal in appearance. A sufficient field area should be rogued 
the first year to provide the quantity of seed necessary to plant the 
full acreage to be grown the ensuing season. The area to be rogued 
should be gone over at least three times during the growing season, 
to insure the removal of all plants affected with transferable diseases, 
such as mosaic and leaf-roll, as soon as their presence can be detected. 
In the field-roguing method no attempt is made to select the progeny 
of individual plants at harvesting time, the whole erop being dug 
and all desirable seed stock gathered and stored in bulk. 


Fic. 6.—Progeny from abnormal (4) and normal (B) plants of the Russet Burbank potato. Plant A is 
known in the West as a degenerate or run-out plant, and the disease with which it is affected is prob- 
ably identical with that recently termed “spindle tuber.’’? It is a communicable disease and may 
become serious. In hill-selection work the progeny of plants such as B should be saved. 


STRAIN TESTING. 


The improvement of seed potatoes by the strain test, or, as it 
might more properly be termed, the “source-of-seed test’? method, 
consists in securing as many as possible desirable lots of seed stock 
of the same variety from different growers throughout a given dis- 
trict or State, or even from various States, and carefully studyin 
their behavior when grown side by side under identical soil sy, 
cultural conditions. Exsasonsniel studies by this method of seed 
improvement have demonstrated that some lots or strains of seed 
stock are far superior to others; in fact, differences in yield of more 
than 100 bushels per acre have been noted between the lowest and 
highest yielding strains. Furthermore, it has been conclusively 
demonstrated by numerous trials that these yields were not acci- 
dental, but that in practically every instance the high-yielding 
strains have consistently given larger yields wherever tested. 





10 Farmers’ Bulletin 1332. 


The improvement of seed stock by this method does not consist 
in the actual isolation and development of a strain from a given 
variety, but rather in locating, as it were, by comparative tests the 
really superior sources of seed stock. The actual improvement 
accomplished is measured by the success attending one’s efforts in 
getting live, up-to-date growers to discard their inferior strains and 
purchase the superior one, as shown by the tests made. 

The practical operation of such a movement may be best empha- 
sized by stating that in 1921 over 100 potato growers in Wisconsin 
grew seed stock of a superior strain of Triumph potatoes located in 
this manner in 1918. 

It should be remembered that whatever selection practice is pur- 
sued the fields devoted to the production of high-quality seed must 
be carefully rogued if the vigor of the seed stock is to be maintained. 


RELATIVE MERITS OF THE PRECEDING PRACTICES. 


In the preliminary discussion of seed-potato improvement in this 
bulletin it is intimated that the chance of securing a superior strain 
of a commercial variety of potato through selective processes is not 
as great as earlier writers on this subject have claimed. A careful 
consideration of all the experimental evidence thus far presented 
would seem to justify the conclusion that the tuber-unit method of 
seed-potato improvement does not afford as satisfactory a starting 
point for selection work as the hill-selection method. The evidence 
at hand would also seem to indicate that neither of these practices 
is to be commended to the average grower of seed potatoes, as both 
methods involve an expenditure of a greater amount of time and 
effort in properly observing the details necessary to their successful 
application than can reasonably be expected of such a grower. 
The tuber-unit and hill-selection methods can only be recommended 
to those growers who have ample time or means to undertake these 
studies and to those experiment-station investigators who have the 
facilities necessary for carrying on such work. 

The “mass-selection” and the “field-roguing’”’ methods are more 
nearly adapted to the average grower, as neither method involves 
the growing and keeping separate of a large number of individual 
selections. Both are so simple of execution that any person of 
ordinary intelligence can practice them. 

Strain testing involves a somewhat more elaborate plan of oper- 
ation, in that it requires the purchasing and growing of several 
strains of a given variety under as nearly identical conditions as it 
is possible to supply. This method of seed-potato improvement 
may be best undertaken by the type of men suggested for the con- 
duct of the tuber-unit and hill-selection systems. The average 
grower should avail himself of the findings of those engaging in 
strain testing and purchase his seed from those growers having the 
most desirable seed stock, as demonstrated by such tests. 


’ 


REQUIREMENTS FOR SUCCESS. 


The only requirements for the successful practice of the first two 
methods of seed selection are a reasonable degree of 6 aparece 
effort on the part of the grower, some 12-inch garden labels, a sma 
pair of balances, a sufficient number of suitable small sacks, and a 


cro 
the 
toe 
Rh 
tre; 
bic! 
sol 
line 
Wat 
hot 
effe 
me! 
las 
5+ 















Seed Potatoes and How to Produce Them. 11 


safe place in which to store the selected tubers until required for the 
next season’s planting. In addition to this, the grower should have 
a breeding plat in huh each season’s selections can be developed 
up to the point of field-planting stock. This selection or seed plat 
should be located at as great a distance from the commercial potato 
field as possible in order to secure the greatest degree of isolation 
that is feasible. Heretofore the problem of isolation has not received 
due consideration. This was largely owing to the fact that the 
seriousness of such diseases as mosaic, leaf-roll, curly-dwarf, streak, 
and spindle-tuber has only recently come to be recognized. The fact 
that all of these diseases are readily transmitted from diseased to 
healthy plants through the instrumentality of plant lice, or aphids, 
and the further fact that as yet there is no reliable information as 
to the distance insects may transport these diseases suggest as com- 
plete isolation of the seed pe as possible. The latest suggestion in 
regard to the production of seed potatoes under isolation is that each 
variety be grown separately, as it has been found that stock of certain 
varieties supposed to be free from mosaic have served as disease car- 
riers to more susceptible varieties. For example, it is not desirable 
to grow the Irish Cobbler adjacent to the Green Mountain intended 
for certification, as the former may carry the mosaic virus without 
expressing it. The danger from contamination of the healthy Green 
Mountain strain by the Irish Cobbler is considered sufficiently great 
by some seed-certification agencies to cause them to refuse to con- 
sider stock thus grown as eligible for certification. The ultimate suc- 
cess of the seed plat in so far as the elimination of tuber-borne diseases 
is concerned rests largely upon the ability of the grower to recognize 
diseased plants and the promptness with which they are removed 
from the seed plat and destroyed. Frequent and thorough inspec- 
tions of the seed plat are necessary to insure the largest possible 
reduction of diseased plants and to reduce the transmission of dineaka 
from diseased to healthy plants. 


SEED TREATMENT. 


It is impossible to produce high-grade seed potatoes if the seed 
planied is infected with disease organisms capable of infecting the 
crop. The disinfection of the seed potatoes is therefore necessary if 
the best results are to follow. The two diseases for which seed pota- 
toes are ordinarily treated are common scab and black scurf, or 
Rhizoctonia. The two disinfecting agents recommended for such 
treatment are formalin and corrosive sublimate (mercuric chloride, or 
bichloride of mercury). Formalin is a trade name for a 40-per-cent 
solution of formaldehyde gas. Corrosive sublimate is a white crystal- 
line poisonous compound which goes into solution very slowly in cold 
water butis readily dissolved in boiling hot water. In recent years the 
hot formaldehyde treatment of seed has been found to be much more 
effective against black scurf (Rhizoctonia) than the cold-solution treat- 
ment, and it requires a much shorter period of immersion. The formu- 
las recommended for these two disease disinfectants are as follows: 

1. Formalin: 

a. Cold treatment: 
Formalin, 1 pint. 
Water, 30 gallons. 

b. Hot treatment: 
Formalin, 2 pints. 
Water, 30 gallons, heated to 125° F. 


2. Corrosive sublimate 4 ounces. 
Water, 30 gallons. 
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The period of treatment for formula 1, a, and for formula 2 is 
from 1% to 2 hours when the seed is dormant and one-half to 14 
hours if the tubers are germinated. With formula 1, 6, on account 
of the double strength of the solution and the higher temperature of 
the liquid the period of treatment is cut to 4 or 5 minutes. In using 
the hot formaldehyde solution it is necessary to have a reliable 
thermometer and a well-controlled method of maintaining a uniform 
temperature throughout the treatment. 

The treated tubers should on no account be allowed to come in 
contact with such receptacles as old sacks and barrels in which diseased 
seed has been handled, as they are almost certain sources of rein- 
fection. 


PREPARATION AND FERTILIZATION OF THE SOIL. 


Strong, vigorous plants can not be produced on land that has been 
poorly prepared or that is deficient in available plant food. Seed 
potatoes should be grown on land that has been deeply plowed and 
thoroughly prepared to receive the seed. It should be well supplied 
with organic matter and available plant food. A clover or alfalfa sod 
furnishes the organic matter nal considerable of the plant food. 
Barnyard manures or commercial fertilizers, or both, will supply 
the additional plant food necessary to produce a good crop 


CAREFUL CULTURAL PRACTICES. 


The vigor of the seed stock produced is to a large extent dependent 
on the care given to the growing crop. Uniformity in the size of the 
tubers is to a ae extent governed fey the rate of planting. Closer 
planting should be practiced in the growing of seed than of table 
stock. Some growers in Aroostook County Me., space their rows 
from 32 to 36 inches apart and the plants in the row 8 to 12 inches. 
The crop should be cultivated as frequently as may be necessary to 
provide the most suitable growing conditions. 

Every effort should be made to protect the plants from injury by 
insect or fungous pests. Leaf-eating insects can be effectively con- 
trolled if the plants are thoroughly sprayed with arsenical poisons; 
sucking insects with contact solutions, such as kerosene emulsion and 
nicotine; and fungous diseases, such as the early and late blights, with 
Bordeaux mixture. In every operation it should be remembered 
that whatever contributes to the health of the plant increases the 
vigor of the seed stock produced. 


ELIMINATION OF VARIETAL MIXTURES AND DISEASED 
OR WEAK PLANTS. 


The vegetable-seed growers employ the term “roguing”’ to denote 
the process of removing all mixtures or off-type pon from the seed 
plat. As this term, when understood, is a brie and yet sufficiently 
descriptive way of indicating the process of eliminating all undesir- 
able plants or “‘rogues,” it is proposed to use it in this connection. 

It is an easy matter to rogue a seed-improvement or selection 
plat during the growing season. Varietal mixtures are more easily 
detected when the plants are in bloom. Weak plants are usually 
mngorent in the early stages of their growth, as are also certain types 
of diseases, such as mosaic and black-leg, although both may appear 
later. Plants infected with Rhizoctonia and Fusarium are usually 
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not apparent until the latter part of the growing season. It is evi- 
dent from these statements that in order to rogue the seed plat 
thoroughly it is necessary to make two or three examinations of the 
field or plat during the growing season. Further roguing should be 
done when the crop is harvested by discarding the progeny of all 
low-producing plants. (Fig. 5, A.) 


MONETARY VALUE OF GOOD SEED POTATOES. 


The producer of high-grade seed potatoes is justly entitled to a 
fair monetary return for the special efforts he has made to produce 
quality seed stock. This is especially true where a seed plat is main- 
tained year after year and the crop has been officially inspected and 

assed by a duly authorized seed-certification inspection officer. 
Fast what increase in price over ordinary stock one is entitled to 
receive for such efforts and for the inspection fees involved is not an 
easy matter to determine. It is believed that a premium of 50 cents 

er bushel over the market price of table stock of the same variety 
is ordinarily sufficient to inaake repay the grower. Opinions, however, 
will differ upon this point. At the present time the price of certified 
seed stock varies all the way from $1 to $3.50 per hundredweight— 
60 cents to $2.10 per bushel. 


IMPORTANCE OF TUBER SHAPE. 


Reasonable trueness of the tubers to. varietal type is generally 
demanded by the purchaser of certified seed. And most writers who 
have dealt with the subject of good seed have always placed strong 
emphasis upon the importance of its being true to type. Rather 
recently, however, some scientific as well as practical growers have 
been disposed to regard tuber shape as being of less importance than 
has been previously supposed. They have come to regard tubers 
that have departed from the type as a result of unfavorable environ- 
mental conditions as being satisfactory for seed purposes. 

As a result of a long-continued preachment of the undesirability 
of slightly off-type tubers for seed purposes many cars of otherwise 
high-grade seed stock have been annually rejected by the southern 
truck grower. This is particularly true in the case of conspicuously 
flattened and somewhat elongated tubers of the Irish Cobbler variety. 
The Irish Cobbler grower in the South has come to demand roundish 
tubers and is suspicious of the purity of seed stock containing 
flattened and somewhat elongated tubers and generally protests 
their acceptance as strictly first-class seed stock. In fact, he is 
inclined to regard the off-type tubers as Green Mountain. The only 
obvious way of correcting these firmly rooted convictions is to 
demonstrate cxiechibeniall that off-type tubers resulting from 
unfavorable soil, cultural, or climatic conditions are no more likely 
to produce off-type progeny than are normal-shaped ones. This 
statement, however, fous not apply to off-type tubers resulting from 
disease; such tubers should not be planted. The spindle-tuber 
recently recognized by pathologists as a communicable disease is 
very similar in its method of transmission to that of leaf-roll and 
the mosaic disease. Figure 6, A, represents a fairly good example of 
spindle tubers. It is important, therefore, in the purchase of some- 
what off-type seed potatoes to know whether the change in shape is 
really due to unfavorable environmental factors and not to disease. 
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CAREFUL HARVESTING AND STORAGE OF THE CROP. 


The average grower does not fully appreciate the importance of 
using every means to prevent the mechanical injury of the tubers 
during the process of harvesting and storing. If the crop is grown 
on land containing a plenteous admixture of small stones the tubers 
are almost certain to be more severely injured in harvesting than 
when grown in a sandy loam soil. Hand digging is not always 
feasible, but it is believed that where small stones abound in the soil 
it will be desirable to harvest the home seed plat by hand. Much 
injury will be avoided if the seed stock acme for planting the field 
plat of the ensuing year is picked directly into crates in which it is 
allowed to remain throughout the storage period. 

The storage conditions necessary to insure vigorous seed at plant- 
ing time are more easily provided in the North than in the South, 
In the former region a well-constructed cellar, pit, or cave serves 
reasonably well. The main thing is to keep the room temperature 
sufficiently low to retard germination. The ideal seed tuber is one 
which has not wasted any of its stored-up energy by excessive loss 
through sprouting. (Fig. 7.) It should be firm, with the first sprouts 
just s wtoiee§ Such tubers can be me Hae 5 upon, if suitable condi- 
tions prevail, to start quickly when-planted and to make a vigorous 
math. 

The general practice among southern growers of securing seed from 
the North saveliiee in the absence of suitable storage conditions one of 
two things: Either getting the seed potatoes late in the fall and hold- 
ing them over in dugouts, pits, or cellars, with consequent sprout- 
ing before planting, or the. risk of having the seed chilled, frozen, or 
overheated while in transit in midwinter. In the writer’s opinion 
the greatest need of the large southern truck grower at present is 
that of suitable storage facilities for handling fall shipments of seed 
potatoes. As a purely economic proposition the proposed change 
ought to commend itself. In probebily nine cases out of ten the 
difference in first cost of these potatoes as between fall and mid- 
winter shipments would more than offset the extra cost of storage, 
while the added security from danger of chilling or freezing the ship- 
ment would still further compensate the grower. 

For further particulars on storage, consult Farmers’ Bulletin 847, 
entitled ‘“ Potato Storage and Storage Houses.”’ 


LARGE COMPARED WITH SMALL SEED TUBERS. 


In seasons of short production and consequent high prices for table 
stock, the question is frequently raised as to the advisability of using 
the small unsalable tubers for seed. The answer to this question is 
that it is always unsafe to use small tubers for seed purposes unless 
one is absolutely certain that they have been produced by healthy, 
vigorous, and productive plants. As a result of some experimental 
study of this question by Ballou and Gourley‘ it was found that the 
use of large tubers gave— 

(a) A very heavy, perhaps almost total, percentage of the high-producing 
strains. 


(b) A heavy percentage of the average or moderate-yielding strains. 
(ec) A very small percentage of the inferior or low-producing strains. 


4 Ballou, F. H., and Gourley, J.H. I. The status of the pane growing industry in Ohio. II. Seasonal 
notes on potatoes. Ohio Agr. Exp. Sta. Bul. 218, p. 587. 1910. 
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The use of small potatoes gives— 
(a) A very insignificant percentage of the superior or high-yielding strains. 
(b) A small percentage of the average or moderate-yielding strains. 
(c) A very heavy, almost total, percentage of the low-yielding or inferior strains, 


Fié. 7.—Potatoes for seed purposes, showing different stages of germination: 1, Desirable; 
2, undesirable 


The use of small seed potatoes is only permissible when they are 
known to have been produced by strong, healthy, and productive 
plants. It is never advisable to use small tubers from the general 
mass produced from unselected stock. 
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WHOLE COMPARED WITH CUT SEED.° 


Considerable attention has been paid to the subject of whole versus 
cut seed at various times by the State agricultural experiment sta- 
tions. The data accumulated in these investigations are for the most 
part conflicting in so far as they pertain to the use of whole seed. In 
general, the data show that within reasonable limits the larger the 
seed proce planted the larger is the crop produced. English and 
Scotch potato growers almost without exception plant whole tubers. 
The seed used usually runs from 1} to 2} inches in diameter, being 
screened out of a crop which as a rule has been grown especially for 
seed purposes. They are harvested before they are mature, and but 
a relatively small proportion of the crop exceeds the size mentioned. 
These growers believe that an earlier and more vigorous growth is 
secured from immature tubers. 

Some of the reasons why European growers have adopted whole 
seed and are succeeding in producing profitable crops are as follows: 
(1) They are assured of an almost peeht stand; (2) there is greater 
freedom from disease; (3) the almost universal practice of germi- 
nating their seed before planting insures a minimum number of 
sprouts; and (4) the greater fertility of their land makes large yields 
of medium-sized tubers possible. 

Some of the reasons for failure in the use of whole seed in this 
country follow: (1) The use of small tubers from unselected stock 
and (2) the development of too many sprouts, with a consequent 
large set of tubers, which, owing to lack of thorough preparation of 
the soil, to scant plant food, and to insufficient moisture, do not 


reach a marketable size, at least in sufficient numbers to produce a 
profitable crop. The development of too many sprouts comes about 
through planting tubers in a dormant condition, which under favor- 
able soil temperature and moisture starts almost every bud into 
growth. 

Scotch and Irish potato growers plant not less than 37 bushels 
of seed per acre, and frequently this aoe is greatly exceeded. 


The American grower, on the other hand, plants from 7 to 16 bushels 
per acre, with an average of 9 to 11 bushels. It is believed that the 
average potato production of the United States would be very 
materially increased if a larger quantity of seed were used. 


SUMMARY. 


The production of high-grade seed potatoes should be regarded as a 
special business. 

Good seed is a determining factor in the production of maximum 
crops of potatoes. 

Certified seed is generally superior to noncertified seed. 

Good strains of seed may is obtained by the tuber-unit, hill- 
selection, mass-selection, field-roguing, or strain-test methods through 
the process of elimination. 

Like produces like. If tubers from unproductive, weak, or diseased 
plants are planted, a poor harvest will be reaped. Use seed from 
productive plants. 


* Stuart,W.,andothers. Size of potatosets: Comparisons of whole and cut seed. U.S. Dept. Agr. Bui, 
1248, 43 pp., illus. 1924. 
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Purity of seed stock is an essential quality of good seed. Serious 
losses are sustained by the grower through mixtures. 

Good seed can not be produced unless the growing plants are well 
cared for and the strain of seed planted was a good one. 

A more liberal use of good seed would materially increase the aver- 
age production per acre. 

All seed sdinakd be disinfected before planting. 

Experimental evidence does not indicate that whole seed is superior 
to cut seed, at least so far as it relates to the United States. 

Good storage facilities are essential to insure sound, firm seed at 
planting time. 
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ies AVERAGE PRODUCTION per acre of potatoes 
in the United States is very much lower than in Canada, 
Great Britain, and European countries outside of Italy. 

One of the reasons for the lower production in the United 
States is that less attention has been given to the character 
of the seed. Good seed is one of the determining factors 
in the production of maximum crops of potatoes. 

The use of high-grade seed would increase the returns from 
the potato crop of the country by many millions of dollars. 

The quality of the seed may be improved through the 
removal of all diseased, weak, or off-type plants as soon 
as they are observable. 

Only seed from productive plants should be used. 

Careful attention should be given to securing seed that is 
free from varietal mixture and that is true to type. 

Good seed can not be produced unless the growing plants 
are given good cultural attention. 

As a rule the quantity of seed used is not sufficient to 
produce a maximum crop. 

From 15 to 18 bushels of seed should be used per acre 
instead of 9 to 11, as at the present time. 

All seed stock should be disinfected before planting. 

Good storage conditions are essential to insure sound, 
firm seed at planting time. 


This bulletin is a revision of and supersedes Farmers’ 
Bulletin 533, Good Seed Potatoes and How to Produce Them. 


Washington, D. C. Issued May, 1923; revised November, 1927 
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YIELDS OF POTATOES. 


STUDY of the statistical data upon potato crop production in 
A the United States for the last 55 years! reveals the interesting 
fact that relatively little gain in production per acre has been made 
during this period. To partially minimize seasonal variations in 
yield per acre the 55-year period Fe been divided into eleven 5-year 
cycles and the average production of each cycle compared. During 
the first 5-year cycle, 1868-1872, the average yield per acre was 94.5 
bushels, while in the last 5-year period it was 98.9, or a gain of approxi- 
mately 4.4 per cent. The averages for the eleven 5-year cycles are 
94.5, 88.1, 77.9, 76.7, 74.0, 79.9, 82.2, 96.3, 96.5, 96.0, 98.9 bushels 
per acre, respectively. A study of these data shows that there was 
a very appreciable and more or less gue decline in production per 
acre during the second, third, fourth, and fifth cycles, or from 1875 
to 1892, inclusive, and that during the next three cycles there was 
a decided increase, the fifth cycle showing a slight increase over the 
first cycle. From this period until 1908 to 1922 the increase has 
been a very nominal one, unless we choose to regard the 1918 to 1922 
performance as indicating a permanent improvement in the per acre 
production of potatoes. From the data presented it is evident that 
the slight gain in average yield per acre (4.4 per cent) in the last of 
the eleven 5-year cycles over that of the first cycle is not sufficient 
to account for the increased production of potatoes in the United 
States. The total average ot production in the United States for 
the years 1868 to 1872 was 117,745,800, while in the last 5-year period 
(1918-1922) the average production was 390,615,600 bushels, or an 
increase over the first period of more than 231 per cent. During this 
same period the increase in acreage devoted to potato production has 
been more than 217 per cent. These data show conclusively that in- 
creased production in the United States during the last 55 years has 
been almost entirely due to increased acreage rather than to any mate- 
rial improvement in cultural practices resulting in larger yields per acre. 

Table 1 and the accompanying diagrams (figs. 1 to 3) show the 
average acre yields, the farm price per bushel, the acreage grown, 


1 The statistical data upon which these studies are based were obtained for the years 1868 to 1888 from the 
United States Department of Agriculture Yearbook for 1917, p. 657; for 1889 to 1895 from the 1920 Year! 
p. 617; for 1896 to 1920 from the 1921 Yearbook, p. 583; and for 1921 to 1922 from the December 23, 1922, issue 
of the United States Department of Agriculture Weather Crops and Markets publication, p. 565. 
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and the total production of potatoes, while Figure 4 shows the 
population of the United States during the eleven 5-year cycles 
studied. In the construction of these diagrams it has not been 
feasible to employ the same scale in any two of them, owing to the 
great difference in the magnitude of the figures treated. A careful 
study of the first diagram ( (fig. 1), in which the acreage yield and 
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Fig. 1.—Diagram showing the average number of bushels per acre and the average farm price per bushel 
of potatoes grown in the United States by 5-year periods from 1868 to 1922. 


farm price per bushel are given, shows that the acreage-production 
curve, if drawn on the chart, would somewhat resemble the curve 
of a scimitar blade, in which the extreme ends of the blade represent 
the maximum yields for each half of the curve. 


TaBLe 1.—Averages of acreage, production, and farm values of potatoes in 5-year periods 
from. 1868 to 9 1922, inclusive. 
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(cents). 
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The gradual decline in yields during the first half of this period 
is thought to be largely due to the following factors: 

The ravages occasioned by the Colorado potato beetle during the early period of 
its invasion of the eastern United States. 

The financial depressions of 1877 and 1893, which brought about a well-marked 
decline in agriculture in New England, New York, and the other heavy potato- 
producing areas of the northeastern United States. 

A gradual depletion of soil fertility. 


Of the factors which have checked the downward tendency and 
contributed most largely toward a return to the old production level 
the following are thought to have been most potent: 

The influence of the agricultural experiment stations, agricultural colleges, and 


the United States Department of Agriculture through experimentations, demonstra- 
tion, and the dissemination of literature. 


The influence of the Bordeaux-mixture treatment in the control of fungous diseases 
affecting the potato. 

The development of special potato-growing sections, as, for example, Aroostook 
County, Me., the Atlantic Coastal Plain trucking region, the Greeley and Carbondale 
districts of Colorado, and many other areas, in which the average yield is approxi- 
mately from two to three times the general average for the United States. 
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Fig. 2.—Diagram showing the average potato acreage of the United States by 5-year periods from 1868 
to 1922. 


Figures 1 to 4 show a comparison of the relation of increased pro- 
duction to a constantly increasin population. The diagrams show . 
that under normal conditions production is keeping pace with popu- 
lation. Crop shortages are, therefore, the result of abnormal or 
unfavorable conditions. 

In comparing the average crop production of potatoes in the United 
States with that of Great Britian, one is impressed with the fact that 
generally speaking we have much yet to learn before we can raise 
our average to that of that country. During the years 1901 to 191C, 
inclusive, the average acre yield in Great Britain was approximately 
200 bushels, while that in the United States was not quite 93 bushels. 
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Of the many causes which produce a low average potato yield in 
this country, poor seed is thought to be important. The American 
potato grower pays too little attention to his seed potatoes. Euro- 
pean eres pay very strict attention to the quality and quantity 
of seed they use. This has led to the differentiation of the potato 
growers into seed and crop specialists. The seed specialist makes a 
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Fic. 3.—Diagram showing the average wae” of the United States by 5-year periods from 
8 to ; 


business of producing high-quality seed, while the crop specialist 
produces a high-grade table potato. Until rather recently no such 
differentiation, at least to any marked extent, could be claimed in 
this country. However, with the adoption of seed-potato inspection 
and certification in California, Colorado, Idaho, Kentucky, Maine, 
Maryland, Michigan, Minnesota, Montana, Nebraska, New Hamp- 
shire, New Jersey, New York, North Dakota, Oregon, Pennsylvania, 
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Fic. 4.—Diagram showing the population of the United States by decades from 1870 to 1920. 
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South Dakota, Vermont, Washington, Wisconsin, Wyoming, and all 
of the Canadian Provinces, groups of seed-potato growers are grad- 
ually being evolved. A further stimulus to those who are engaged 
in the production of seed potatoes is the increasing demand for good 
seed stock at prices which are sufficiently remunerative to well repay 
the grower for the extra care given to the crop. 
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WHAT CONSTITUTES GOOD SEED. 


Two factors are involved in the consideration of good seed pota- 
toes: (1) The physical or outward appearance of the tubers and 
(2) the heritable or transmissible characters of the stock. The first 
involves the purity and maturity of the stock, uniformity in size 
and shape of the tubers, brightness of skin, firmness of flesh with 
first sprouts just showing, and freedom from scab, Rhizoctonia, late- 
blight, or other tuber-decay diseases. The second factor deals with 
nonobservable characters and is by far the more important one, as 
it involves the presence or absence of the virus diseases causing mo- 
saic, leaf-roll, spindle-tuber, streak, and yellow dwarf. Freedom from 
the virus diseases is an important consideration and can only be 
assured through personal inspection of the growing plants from which 
the seed was obtained or by the purchase of reliably certified stock. 
If in any given year it were possible to plant the entire potato acreage 
of the United States with first-class seed stock the total production 
would be increased from 10 to 25 per cent. Based on the average 
production for the 5-year period from 1918 to 1922, this increase 
would represent from 39 to 974 million bushels, or an increase in 
money value of $40,333,000 to $106,333,000. 


CERTIFIED AND UNCERTIFIED SEED. 


The rapid increase in acreage and production of certified seed po- 
tatoes, together with the premium over uncertified seed demanded 
by the grower for such stock, has made it necessary to demonstrate 
its superiority over ordinary seed. In the early and consequently 
developmental period of seed certification the producers’ claims of 
superiority were not sufficiently well supported by experimental evi- 
dence to make them convincing. To-day there is abundant evidence 
of the general superiority of certified over uncertified seed potatoes. 
In a recent paper presented at the 1924 annual meeting of the Potato 
Association of America, H. C. Moore, of the Michigan Agricultural 
College, submitted data covering actual comparative tests by a large 
number of independent investigators, as shown in Table 2.? 


TABLE 2.—Comparative tests of potato yields, showing the advantage of using certified seed. 
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These and many other data serve to emphasize the value of high- 
grade seed. They also indicate the general superiority of certified 
over noncertified stocks as a source of good seed. 


?Moore, H.C. Evidence that certified seed is improved seed. Jn Proc. llth Ann. Meeting, Potato 
Assoc. America, 1924, p. 28. 1925. 
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UNIFORMITY IN SIZE AND SHAPE OF TUBERS. 


Under normal conditions of growth many present-day commercial 
varieties are very variable in size and shape of tuber. To some 
extent both size and shape are determined by the character of the 
soil, rate of planting, fertilization, and cultural care given the growing 
crop. Inheritance, however, plays a very important part. Most 
varieties contain within themselves distinct varietal strains which 
when isolated are much more uniform in respect to size and shape 
than the variety itself. Other things being equal, the variety or 
varietal strain that produces the greatest number of fair-sized shapely 
tubers and the smallest number of ill-shaped and small tubers should 
prove the most valuable, because it involves less waste to both the 
grower and the consumer. It is particularly important at present 
that such strains be developed, because there 1s an increasing demand 
for fancy table stock to satisfy the requirements of a large and 
discriminating class of consumers who are insisting on greater uni- 
ee in size and shape and are willing to pay a premium on such 
grades. 


DEVELOPMENT OF HIGH-GRADE SEED POTATOES. 


The successful production of high-grade seed potatoes is very 
largely dependent upon the following factors: (1) Starting with a 
good strain; (2) the proper treatment of the seed; (3) thorough prep- 
aration and proper fertilization of the soil; (4) the following of the best 
cultural practices, including protection against insect and fungous 
pests; (5) the elimination of all miztures and all diseased or weak 
plants; and (6) the careful harvesting and proper storage of the crop. 


SECURING A GOOD STRAIN OF SEED. 


If the strain of seed you are using is lacking in vigor, it is generally 
advisable to discard it and purchase a new lot from some reliable 
grower whose stock you have reason to believe is superior to yours. 
This suggestion is made as the result of a rather wide experience in 
trying to improve poor strains of potatoes through selection methods. 
Such attempts have usually resulted in failure, and it is felt that as a 
rule much more satisfactory progress can be made by starting with 
a new strain. Further improvement can usually be secured through 
selection. 


SEED-POTATO IMPROVEMENT BY SELECTION. 


The improvement of seed potatoes by selective processes has lon 
engaged the attention of the potato grower. Recent experimenta 
evidence seems to indicate that the possibilities of improving potato 
seed stock by selective processes alone are not as great as many 
writers upon this subject have claimed. To those who have devoted 
much time and effort to the improvement of the potato by selection 
it would appear that the chances of finding superior yielding true-to- 
type strains within a variety are not as great as has been believed. 

he chief advantages to be derived from seed-potato selection prac- 
tices are the elimination of diseased and weak plants and the removal 
of varietal mixtures. 
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IMPROVEMENT PRACTICES. 


Five improvement practices may be used in securing a high- 
yielding and commercially desirable strain of potatoes: (1) The 
tuber-unit method, (2) hill selection, (3) tuber index, (4) mass selec- 
tion, (5) field roguing, and (6) strain testing. 

In early editions of Farmers’ Bulletin 533 considerable emphasis 
was laid upon the tuber-unit method of seed-potato improvement; sub- 
sequent experiences of the writer and others have indicated that this 
method is not as satisfactory or as practical in operation as the other 
four methods suggested. It is thought desirable, however, to briefly 
describe the tuber-unit method because some of its processes are 
applicable to other selection methods. 


TUBER-UNIT METHOD,' 


The tuber-unit method, as now generally understood, consists in 
selecting from the seed bin before atin time a considerable num- 
ber of the most perfectly shaped tubers ranging from 6 to 8 ounces in 
weight. When planted, these tubers are quartered, as dropped, into 
four as nearly equal parts as possible, by splitting the bud-eye cluster 
twice from seed to stem end of the tuber. In other words, the tuber 
is cut through its longitudinal axis. The four pieces of each tuber 
are dropped consecutively in the row at a distance of from 10 to 12 
inches apart in the furrow. All tubers showing discoloration of 
the flesh or other evidence of disease should be rejected. By allow- 
ing an additional spacing between each set of fours, the four plants 
from each tuber are definitely isolated from adjoining ones and 
the grower can readily observe any variation in vigor ond adtiaaiiy 
between the various units planted. This method also enables him 
to detect any mixtures that may occur in thevariety. All mixtures 
should at once be removed. By marking the units which appear 
to be the most uniform in size, vigor, and type when the plants 
are still in vigorous growth, the first step in selection has been accom- 

lished. At digging time the product of each unit is separately 

arvested and a further selection made from the marked units of all 
tubers which most nearly approach the size, shape, and smoothness 
desired. The selected tubers of each unit should be separatel 
a in small sacks, preferably cotton or burlap, numbered with 
oth field and unit numbers, and stored to await further examination. 
The final examination should produce data on the number and 
prs of merchantable and unmerchantable tubers and their general 
conformity in size, shape, and smoothness of the type desired. From 
each of the units retained 10 of the best tubers should be selected for 
the next season’s planting. 

It is desirable to maintain the study of each selection on the tuber- 
unit basis the following season, because it permits a more accurate 
comparison of the behavior of each. The 10 selected tubers from each 
original unit will give 40 plants for study the second year. All selec- 
tions which do not produce a reasonably uniform lot of plants should 
be marked for rejection. At harvest time the progeny of each selec- 












3 For further information concerning the arrangement of a tuber-unit selection plat and a convenient 
system of note taking, see Stuart, William, The ‘‘tuber-unit’”’ method of seed-potato improvement. 
. 8. Dept. Agr., Bur. Plant Indus. Cir. 113, pp. 25-31, 2 fig. 1913. 
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tion should be kept by itself and the same data recorded as those 
taken on the crop grown from the original tuber unit. Only the 
product from such 40-hill rows as meet the most rigid requirements 
should be retained. The further conduct of the work will consist in 
the multiplication of the selected strains for field planting and the 
elimination of weak plants. 


HILL SELECTION, 


The hill-selection method consists in marking the most promising 
plants during the growing season and at harvesting time saving only 
those which give the greatest promise. (Figs.5and6.) The progeny 
of each hill should be kept separate and the same data taken as out- 
lined for the tuber unit. Plant on the tuber-unit or progeny-row 
basis the following season. For the sake of uniformity a definite num- 
ber of tubers (five or more) should be planted from each hill selection. 
From this point on, follow the methods given in tuber-unit work. 


F1¢. 5.—Progeny of a mosaic-infected potato plant of the Triumph variety on the left (A) and ofa healthy 
plant on the right (#). Bin selection of such seed would result in taking at least two tubers from the 
mosaic plant. If small tubers were used all would come from diseased plants, In hill-selection work 
the progeny of plant B should be saved. 


TUBER INDEX. 


In the tuber-index method each tuber is numbered and a seed piece 
removed which is potted in a 4-inch pot and grown in the greenhouse 
during the winter season. All seed pieces showing disease are noted 
and the parent tuber discarded. By this method it is possible to 
eliminate most if not all of the virus-infected tubers. It is the most 
effective method known for the elimination of nonobservable diseases 
in the tuber. 


MASS SELECTION. 


Mass selection differs from hill selection in only one respect, which 
is that the tubers from the individually selected plants are not kept 
separate. Generally those who practice mass selection do not go to 
the trouble of marking promising individual plants during the growing 
season, but simply go through the field before harvesting the whole 
crop and dig by hand as many plants as may be desired to secure the 
necessary quantity of seed that show the desired vigor and stem 
characters thought to be correlated with productiveness, trueness to 
typé, and uniformity in size of tubers of the particular variety grown. 
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FIELD ROGUING. 


Improvement of the seed stock through field roguing consists in 
the removal of all diseased, weak, off-type, or varietal-mixture 
plants during the growing season. The successful removal of such 
plants does not necessarily involve an intimate knowledge of the 
various diseases affecting the potato, but it does require that the 
person doing the roguing be aids to tell whether a plant is normal or 
abnormal in appearance. A sufficient field area should be rogued 
the first year to provide the quantity of seed necessary to plant the 
full acreage to be grown the ensuing season. The area to be rogued 
should be gone over at least three times during the growing season, 
to insure the removal of all plants affected with transferable diseases, 
such as mosaic and leaf-roll, as soon as their presence can be detected. 
In the field-roguing method no attempt is made to select the progeny 
of individual plants at harvesting time, the whole crop being dug 
and all desirable seed stock gathered and stored in bulk. 


Fic. 6.—Pr ae A ep abnormal (A) and normal (B) plants ofthe Russet Burbank potato. Plant A is 


known in the West as a degenerate or run-out plant, and the disease with which it is affected is prob- 
ably identical with that recently termed ‘“‘spindle tuber.’’ It is a communicable disease and may 
become serious. In hill-selection work the progeny of plants such as B should be saved. 


STRAIN TESTING. 


The improvement of seed potatoes by the strain test, or, as it 
might more properly be termed, the ‘‘source-of-seed test’’ method, 
consists in securing as many as possible desirable lots of seed stock 
of the same variety from different growers throughout a given dis- 
trict or State, or even from various States, and carefully studying 
their behavior when grown side by side under identical soil anc 
cultural conditions. Experimental studies by this method of seed 
improvement have demonstrated that some lots or strains of seed 
stock are far superior to others; in fact, differences in yield of more 
than 100 bushels per acre have been noted between the lowest and 
highest yielding strains. Furthermore, it has been conclusively 
demonstrated by numerous trials that these yields were not acci- 
dental, but that in practically every instance the high-yielding 
strains have consistently given larger yields wherever tested. 
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The improvement of seed stock by this method does not consist 
in the actual isolation and development of a strain from a given 
variety, but rather in locating, as it were, by comparative tests the 
really superior sources of seed stock. The actual improvement 
accomplished is measured by the success attending one’s efforts in 
getting live, up-to-date growers to discard their inferior strains and 
purchase the superior one, as shown by the tests made. 

The practical operation of such a movement may be best empha- 
sized by stating that in 1921 over 100 potato growers in Wisconsin 
grew seed stock of a superior strain of Triumph potatoes located in 
this manner in 1918. 

It should be remembered that whatever selection practice is pur- 
sued the fields devoted to the production of high-quality seed must 
be carefully rogued if the vigor of the seed stock is to be maintained. 


RELATIVE MERITS OF THE PRECEDING PRACTICES. 


In the preliminary discussion of seed-potato improvement in this 
bulletin it is intimated that the chance of securing a superior strain 
of a commercial variety of potato through selective processes is not 
as great as earlier writers on this subject have claimed. A careful 
consideration of all the experimental evidence thus far presented 
would seem to justify the conclusion that the tuber-index method is 
the most effective and that the tuber-unit method of seed-potato 
improvement does not afford as satisfactory a starting point for 
selection work as the hill-selection method. The evidence at hand 
would also seem to indicate that none of these practices is to be com- 
mended to the average grower of seed potatoes, as they involve an 
expenditure of a greater amount of time and effort in properly 
observing the details necessary to their successful application than 
can reasonably be expected of such a grower. The tuber-unit, tuber- 
index, and hill-selection methods can only be recommended to those 
growers who have ample time or means to undertake these studies 
and to those experiment-station investigators who have the facilities 
necessary for carrying on such work. 

The “mass-selection” and the “‘field-roguing’’ methods are more 
nearly adapted to the average grower, as neither method involves 
the growing and keeping separate of a large number of individual 
selections. Both are so simple of execution that any person of 
ordinary intelligence can practice them. 

Strain testing involves a somewhat more elaborate plan of oper- 
ation, in that it requires the purchasing and growing of several 
strains of a given variety under as nearly identical conditions as it 
is possible to supply. This method of seed-potato improvement 
may be best undertaken by the type of men suggested for the con- 
duct of the tuber-unit, tuber-index, and hill-selection systems. The 
average grower should avail himself of the findings of those engaging 
in strain testing and purchase his seed from those growers having the 
most desirable seed stock, as demonstrated by such tests. 


REQUIREMENTS FOR SUCCESS. 


The only requirements for the successful practice of the first three 
methods of seed selection are a reasonable degree of painstaking 
effort on the part of the grower, som 12-inch garden labels, a small 
pair of balances, a sufficient number of suitable small sacks, and a 
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safe place i in which to store the selected tubers until required for the 
next season’s planting. In addition to this, the grower should have 
a breeding plat in asi each season’s selections can be developed 
up to the point of field-planting stock. This selection or seed plat 
should be located at as great a distance from the commercial potato 
field as possible in order to secure the greatest degree of isolation 
that is feasible. Heretofore the problem of fackations Tids not received 
due consideration. This was largely owing to the fact that the 
seriousness of such diseases as mosaic, leaf-roll, curly-dwarf, streak, 
and spindle-tuber has only recently come to be recognized. The fact 
that all of these diseases are readily transmitted from diseased to 
healthy plants through the instrumentality of plant lice, or aphids, 
and the further fact that as yet there is no seliatin information as 
to the distance insects may transport these diseases suggest as com- 
plete isolation of, the seed pe as possible. The latest suggestion in 
regard to the production of seed potatoes under isolation is ‘that each 
variety be grown separately, as it has been found that stock of certain 

varieties supposed to be free from mosaic have served as disease car- 
riers to more susc eptible varieties. For — it is not desirable 
to grow the Irish Cobbler adjacent to the Green Mountain intended 
for certification, as the former may carry the mosaic virus without 
expressing it. The danger from contamination of the healthy Green 
Mountain strain by the “Irish Cobbler is considered sufficiently great 
by some seed-certification agencies to cause them to refuse to con- 
sider stock thus grown as e ligible for certification. The ultimate suc- 
cess of the seed plat in so far as the elimination of tuber-borne diseases 
is concerned rests largely upon the ability of the grower to recognize 
diseased plants and ‘the promptness with which they are removed 
from the seed plat and destroyed. Frequent and thorough inspec- 
tions of the seed plat are necessary to insure the largest —— 


reduction of diseased plants and to reduce the transmission of disease 
from diseased to healthy plants. 


SEED TREATMENT. 


It is impossible to produce high-grade seed potatoes if the seed 
planted is infected with disease organisms capable of infecting the 
crop. The disinfection of the seed potatoes is therefore necessary if 
the best results are to follow. The two diseases for which seed pota- 
toes are ordinarily treated are common scab and black scurf, 
Rhizoctonia. The two disinfecting agents recommended for such 
treatment are formalin and corrosive sublimate (mercuric chloride, or 
bichloride of mercury). Formalin is a trade name for a 40-per-cent 
solution of formaldehyde gas. Corrosive sublimate is a white crystal- 
line poisonous compound which goes into solution very slowly in cold 
water butis readily dissolved in boiling hot water. In recent years the 
hot formaldehyde treatment of seed has been found to be much more 
effective against black scurf (Rhizoctonia) than the cold-solution treat- 
ment, and it requires a much shorter period of immersion. The formu- 
las recommended for these two disease disinfectants are as follows: 
1. Formalin: 2. Corrosive sublimate 4 ounces, 
a. Cold treatment: Water, 30 gallons. 
Formalin, 1 pint. 
Water, 30 gallons. 
b. Hot treatment: 
Formalin, 2 pints. 
Water, 30 gallons, heated to 125° F. 
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The period of treatment for formula 1, a, and for formula 2 is 
from 1% to 2 hours when the seed is dormant and one-half to 14 
hours if the tubers are germinated. With formula 1, 6, on account 
of the double strength of the solution and the higher temperature of 
the liquid the period of treatment is cut to 4 or 5 minutes. In using 
the hot formaldehyde solution it is necessary to have a reliable 
thermometer and a well-controlled method of maintaining a uniform 
temperature throughout the treatment. 

The treated tubers should on no account be allowed to come in 
contact with such receptacles as old sacks and barrels in which diseased 
seed has been handled, as they are almost certain sources of rein- 
fection. 


PREPARATION AND FERTILIZATION OF THE SOIL. 


Strong, vigorous plants can not be produced on land that has been 
poorly prepared or that is deficient in available plant food. Seed 
potatoes should be grown on land that has been deeply plowed and 
thoroughly prepared to receive the seed. It should be well supplied 
with organic matter and available plant food. A clover or alfalfa sod 
furnishes the organic matter on considerable of the plant food. 
Barnyard manures or commercial fertilizers, or both, will supply 
the additional plant food necessary to produce a good crop 


CAREFUL CULTURAL PRACTICES. 


The vigor of the seed stock produced is to a large extent dependent 
on the care given to the growing crop. Uniformity in the size of the 
tubers is to a large extent governed “ the rate of planting. Closer 
planting should be practiced in the growing of seed than of table 
stock. Some growers in Aroostook Coane: Me., space their rows 
from 32 to 36 inches apart and the plants in the row 8 to 12 inches. 
The crop should be cultivated as frequently as may be necessary to 
provide the most suitable growing conditions. 

Every effort should be made to protect the plants from injury by 
insect or fungous pests. Leaf-eating insects can be effectively con- 
trolled if the plants are thoroughly sprayed with arsenical poisons; 
sucking insects with contact solutions, such as kerosene emulsion and 
nicotiné; and fungous diseases, such as the early and late blights, with 
Bordeaux mixture. In every operation it should be remembered 
that whatever contributes to the health of the plant increases the 
vigor of the seed stock produced. 


ELIMINATION OF VARIETAL MIXTURES AND DISEASED 
OR WEAK PLANTS. 


The vegetable-seed growers employ the term “roguing”’ to denote 
the process of removing all mixtures or off-type plants from the seed 
lat. As this term, when understood, is a aa and yet sufficiently 
escriptive way of indicating the process of eliminating all undesir- 
able plants or “rogues,” it is proposed to use it in this connection. 
It is an easy matter to rogue a seed-improvement or. selection 
plat during the growing seascn. Varietal mixtures are more easily 
detected when the plants are in bloom. Weak plants are usually 
eeret in the early stages of their growth, as are also certain types 
of diseases, such as mosaic and black-leg, although both may appear 
later. Plants infected with Rhizoctonia and Fusarium are usually 
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not apparent until the latter part of the growing season. It is evi- 
dent from these statements that in order to rogue the seed plat 
thoroughly it is necessary to make two or three examinations of the 
field or plat during the growing season. Further roguing should be 
done when the crop is Tasvestid by discarding the progeny of all 
low-producing plants. (Fig. 5, A.) 


MONETARY VALUE OF GOOD SEED POTATOES. 


The producer of high-grade seed potatoes is justly entitled to a 
fair monetary return for the special efforts he has made to produce 
quality seed stock. This is pang true where a seed plat is main- 
tained year after year and the crop has been officially inspected and 

assed by a duly authorized seed-certification inspection officer. 
ust what increase in price over ordinary stock one is entitled to 
receive for such efforts and for the inspection fees involved is not an 
easy matter to determine. It is believed that a premium of 50 cents 

er bushel over the market price of table stock of the same variety 
is ordinarily sufficient to amply repay the grower. Opinions, however, 
will differ upon this point. At the present time the price of certified 
seed stock varies all the way from $1 to $3.50 per hundredweight— 
60 cents to $2.10 per bushel. 


IMPORTANCE OF TUBER SHAPE. 


Reasonable trueness of the tubers to varietal type is generally 
demanded by the purchaser of certified seed. And most writers who 
have dealt with the subject of good seed have always placed strong 


emphasis upon the importance of its being true to type. Rather 
recently, however, some scientific as well as practical growers have 
been disposed to regard tuber shape as being of less importance than 
has been previously supposed. They have come to regard tubers 
that have departed from the type as a result of unfavorable environ- 
mental conditions as being satisfactory for seed purposes. 

As a result of a long-continued preachment of the undesirability 
of slightly off-type tubers for seed purposes many cars of otherwise 
a evade seed stock have been annually rejected by the southern 
truck grower. This is particularly true in the case of conspicuously 
flattened and somewhat elongated tubers of the Irish Cobbler variety. 
The Irish Cobbler grower in the South has come to demand roundish 
tubers and is suspicious of the purity of seed stock containing 
flattened and somewhat dunashid tubers and generally protests 
their acceptance as strictly first-class seed stock. In fact, he is 
inclined to regard the off-type tubers as Green Mountain. The only 
obvious way of correcting these firmly rooted convictions is to 
demonstrate experimentally that off-type tubers resulting from 
unfavorable soil, cultural, or climatic conditions are no more likely 
to produce off-type progeny than are normal-shaped ones. This 
statement, however, a not apply to off-type tubers resulting from 
disease; such tubers should not be planted. The spindle-tuber 
recently recognized by pathologists as a communicable disease is 
very similar in its method of transmission to that of leaf-roll and 
the mosaic disease. Figure 6, A, represents a fairly good example of 
spindle tubers. It is important, therefore, in the purchase of some- 
what off-type seed potatoes to know whether the change in shape is 
really due to unfavorable environmental factors and not to disease. 
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CAREFUL HARVESTING AND STORAGE OF THE CROP. 


The average grower does not fully appreciate the importance of 
using every means to prevent the mechanical injury of the tubers 
during the process of harvesting and storing. If the crop is grown 
on land containing a plenteous admixture of small stones the tubers 
are almost certain to be more severely injured in harvesting than 
when grown in a sandy loam soil. Hand digging is not always 
feasible, but it is believed that where small stones abound in the soil 
it will be desirable to harvest the home seed plat by hand. Much 
injury will be avoided if the seed stock designed for planting the field 
plat of the ensuing year is picked directly into crates in which it is 
allowed to remain throughout the storage period. 

The storage conditions necessary to insure vigorous seed at plant- 
ing time are more easily provided in the North than in the South, 
In the former region a well-constructed cellar, pit, or cave serves 
reasonably well. The main thing is to keep the room temperature 
sufficiently low to retard germination. The ideal seed tuber is one 
which has not wasted any of its stored-up energy by excessive loss 
through sprouting. (Fig. 7.) It should be firm, with the first sprouts 
just showing. Such tubers can be depended upon, if suitable condi- 
tions prevail, to start quickly when planted and to make a vigorous 

rowth. 

r The general practice among southern growers of securing seed from 
the North ‘andes in the absence of suitable storage conditions one of 
two things: Either getting the seed potatoes late in the fall and hold- 
ing them over in dugouts, pits, or cellars, with consequent sprout- 
ing before planting, or the risk of having the seed chilled, frozen, or 
overheated while in transit in midwinter. In the writer’s opinion 
the greatest need of the large southern truck grower at present is 
that of suitable storage facilities for handling fall shipments of seed 
potatoes. As a purely economic proposition the proposed change 
ought to commend itself. In probably nine cases out of ten the 
difference in first cost of these potatoes as between fall and mid- 
winter shipments would more than offset the extra cost of storage, 
while the added security from danger of chilling or freezing the ship- 
ment would still further compensate the grower. 

For further particulars on storage, consult Farmers’ Bulletin 847, 
entitled ‘‘ Potato Storage and Storage Houses.”’ 


LARGE COMPARED WITH SMALL SEED TUBERS. 


In seasons of short production and consequent high prices for table 
stock, the question is frequently raised as to the advisability of using 
the small unsalable tubers for seed. The answer to this question is 
that it is always unsafe to use small tubers for seed purposes unless 
one is absolutely certain that they have been produced by healthy, 
vigorous, and productive plants. As a result of some experimental 
study of this question by Ballou and Gourley‘ it was found that the 
use of large tubers gave— 

(a) A very heavy, perhaps almost total, percentage of the high-producing 
strains. 


(6) A heavy percentage of the average or moderate-yielding strains. 
(c) A very small percentage of the inferior or low-producing strains. 


+ Dallou, F. H., and hee bap 8 I. The status of the — growing industry in Ohio. IT. Seasonal 


notes on potatoes. Ohio Agr. ta. Bul. 218, p. 587. 
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The use of small potatoes gives— 


(a) A very insignificant percentage of the superior or high-yielding strains. 
(b) A small percentage of the average or moderate-yielding strains. 
(c) A very heavy, almost total, percentage of the low-yielding or inferior strains, 


Fic. 7.—Potatoes for seed purposes, showing different stages of germination: 1, Desirable; 
2, undesirable. 


The use of small seed potatoes is only permissible when they are 
known to have been produced by strong, healthy, and productive 
plants. It is never advisable to use small tubers from the general 
mass produced from unselected stock. 
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WHOLE COMPARED WITH CUT SEED.‘ 


Considerable attention has been paid to the subject of whole versus 
cut seed at various times by the State agricultural experiment sta- 
tions. The data accumulated in these investigations are for the most 
part conflicting in so far as they pertain to the use of wholeseed. In 
general, the data show that within reasonable limits the larger the 
seed — planted the larger is the crop produced. English and 
Scotch potato growers almost without exception plant whole tubers. 
The seed used usually runs from 1} to 2} inches in diameter, being 
screened out of a crop which as a rule has been grown especially for 
seed purposes. They are harvested before they are mature, and but 
a relatively small proportion of the crop exceeds the size mentioned. 
These growers believe that an earlier and more vigorous growth is 
secured from immature tubers. 

Some of the reasons why European growers have adopted whole 
seed and are succeeding in producing profitable crops are as follows: 
(1) They are assured of an almost perfect stand; (2) there is greater 
freedom from disease; (3) the almost universal practice of germi- 
nating their seed before planting insures a minimum number of 
sprouts; and (4) the greater fertility of their land makes large yields 
of medium-sized tubers possible. 

Some of the reasons for failure in the use of whole seed in this 
country follow: (1) The use of small tubers from unselected stock 
and (2) the development of too many sprouts, with a consequent 
large set of tubers, which, owing to lack of thorough preparation of 
the soil, to scant plant food, and to insufficient moisture, do not 
reach a marketable size, at least in sufficient numbers to produce a 
profitable crop. The development of too many sprouts comes about 
through planting tubers in a dormant condition, which under favor- 
able soil temperature and moisture starts almost every bud into 

rowth. 

Scotch and Irish potato growers plant not less than 37 bushels 
of seed per acre, and frequently this quantity is greatly exceeded. 
The American grower, on the other hand, plants from 7 to 16 bushels 
per acre, with an average of 9 to 11 bushels. It is believed that the 
average potato production of the United States would be very 
materially increased if a larger quantity of seed were used. 


SUMMARY. 


The production of high-grade seed potatoes should be regarded as a 
special business. 

Good seed is a determining factor in the production of maximum 
crops of potatoes. 

Certified seed is generally superior to noncertified seed. 

Good strains of seed may be obtained by the tuber-unit, tuber-index, 
hill-selection, mass-selection, field-roguing, or strain-test methods 
through the process of elimination. 

Like produces like. If tubers from unproductive, weak, or diseased 
plants are planted, a poor harvest will be reaped. Use seed from 
productive plants. 


5 Stuart, W.,and others. Size of potato sets: Comparisons of whole and cut seed. U.8. Dept. Agr. Bul. 
1248, 43 pp., illus. 1924. 
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Purity of seed stock is an essential quality of good seed. Serious 
losses are sustained by the grower through mixtures. 

Good seed can not be produced unless the growing plants are well 
cared for and the strain of seed planted was a good one. 

A more liberal use of good seed would materially increase the aver- 
age production per acre. 

Ni seed should be disinfected before planting. 

Experimental evidence does not indicate that whole seed is superior 
to cut seed, at least so far as it relates to the United States. 

Good storage facilities are essential to insure sound, firm seed at 
planting time. 
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HE AVERAGE PRODUCTION per acre of pota- 

toes in the United States is very much lower 
than in Canada, Great Britain, and European coun- 
tries outside of Italy. 


One of the reasons for the lower production in the 
United States is that less attention has been given to 
the character of the seed. Good seed is one of the 
determining factors in the production of maximum 
crops of potatoes. 

The use of high-grade seed would increase the 
returns from the potato crop of the country by many 
millions of dollars. 


The quality of the seed may be improved through 


the removal of all diseased, weak, or off-type plants 
as soon as they are observable. 

Only seed from productive plants should be used. 

Careful attention should be given to procuring 
seed that is free from varietal mixture and that is 
true to type. 

Good seed can not be produced unless the growing 
plants are given good cultural attention. 

As a rule the quantity of seed used is not sufficient 
to produce a maximum crop. 

From 15 to 18 bushels of seed should be used per 
acre instead of 9 to 11, as at the present time. 

All seed stock should be disinfected before planting. 

Good storage conditions are essential to insure 
sound, firm seed at planting time. 

This bulletin is a revision of and supersedes Farm- 
ers’ Bulletin 533, “Good Seed Potatoes and How 


to Produce Them.” 


Washington, D. C. Issued May, 1923; revised June, 1929 
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YIELDS OF POTATOES 


nonw-— 


STUDY of the statistical data upon potato-crop production 

in the United States for the last 60 years reveals the interesting 

fact that relatively little gain in production per acre has been made 
except during the last few years of this period. 

To minimize partially seasonal variations in yield per acre the 
60-year period’ has been divided into twelve 5-year cycles and the 
average production of each cycle compared. During the first 5-year 
cycle, 1868 to 1872, the average yield per acre was 94.5 bushels, 
whereas in the last 5-year period it was 113.7, or a gain of approxi- 
mately 20.3 per cent. The averages for the twelve 5-year cycles are 
94.5, 88.1, 77.9, 76.7, 74.0, 79.9, 82.2, 96.3, 96.5, 96.0, 98.9, and 113.7 
bushels per acre, respectively. A study of these data show that there 
was a very appreciable and more or less gradual decline in produc- 
tion per acre during the second, third, fourth, and fifth cycles, or 
from 1875 to 1892, and that during the next three cycles there was a 
decided increase. From this period until the 1918-1922 cycle the 
increase was a very nominal one, but during the 1923-1927 cycle 
the increase was very marked. In fact, as compared with the 1918- 
1922 acreage, it shows an increase of nearly 15 per cent. 

It is possible to account for this striking increase in production per 
acre only by assuming that it is largely due to a more general use of 





1The statistical data upon which these studies are based were obtained for the years 
1868 to 1888 from the United States Department of Agriculture Yearbook for 1917, p. 657; 
for 1889 to 1895 from the 1920 Yearbook, p. 617; for 1896 to 1920 from the 1921 Year- 
book, p. 583; and for 1921 to 1922 from the Dee. 23, 1922, issue of the United States 
Department of Agriculture Weather, Crops and Markets publication, p. 565; for 1923, 1924, 
and 1925 from the 1926 Yearbook, p. 934; and for 1926 and 1927 from Crops and Markets, 
Dec., 1927, p. 460. 
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certified seed potatoes and to the gradual improvement in the qual- 
ity of the seed produced. The total average bushel production in the 
United States in the 5-year cycle 1868 to 1872 was 117,745,800, 
whereas in the last two periods, 1918-1922 and 1923-1927, the produc- 
tion was 390,615,600 and 383,526,400 bushels, respectively. Expressed 
in percentages, the increases were 231 and 225.7 per cent. During 
this same period the acreage increases were 217 and 154.5 per cent, 
respectively. These data show rather conclusively that up to the last 
5-year period increased total production has been due to increased 
acreage rather than to increase yield per acre. This does not apply 
to the last cycle, 1923 to 1927, as it is clearly evident that the in- 
creased production was due to a larger acre yield brought about by 
improved cultural practices. 

Table 1 and the accompanying diagrams (figs. 1 to 3) show the 
average acre yields, the farm price per bushel, the acreage grown, 
and the total production of potatoes, while Figure 4 shows the 
population of the United States during the eleven 5-year cycles 
studied. In the construction of these diagrams it has not been 
feasible to employ the same scale in any two of them, owing to, the 
great difference in the magnitude of the figures treated. A careful 
study of the first diagram (fig. 1}, in which the-acreage yield and 
farm price per bushel are given, shows that the acreage-production 
curve, if drawn on the chart, would somewhat resemble the curve 
of a scimitar blade, in which the extreme ends of the blade represent 
the maximum yields for each half of the curve. 


TABLE 1 —Averages of acreage, production, and farm values of potatoes in 
5-year periods from 1868 to 1927, inclusive 


Production (bushels) | Farm value on Dec. 1 
Five-year period 


Per 
Total | Per acre Total 


| 

bushel 
(cents) 
| 


117, 745, 800 
134, 773, 200 
150, 706, 200 
175, 197, 800 
194, 939, 400 
231, 757, 800 


1868 to 1872 

1873 to 1877 

1878 to 1882 

1883 to 1887 - 

1888 to 18$2 

1893 to 1897 - 

1898 to 1902- 

1903 to 1907 - 

1908 to 1912 

1913 to 1917-_- 

1918 to 1922. ‘ 7 
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1 Data for 1927 are subject to correction. 


The gradual decline in yields during the first half of this period 
is thought to be largely due to the following factors: 


The ravages occasioned by the Colorado potato beetle during the early period 
of its invasion of the eastern United States. 

The financial depressions of 1877 and 1893, which brought about a well-marked 
decline in agriculture in New England, New York, and the other heavy potato- 
producing areas of the northeastern United States. 

A gradual depletion of soil fertility. 
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Of the factors which have checked the downward tendency and 
contributed most largely toward a return to the old production level 
the following are thought to have been most potent: 


The influence of the agricultural experiment stations, agricultural colleges, and 
the United States Department of Agriculture through experimentations, demon- 
stration, and the dissemination of literature. 

The influence of the Bordeaux-m‘xture treatment in the control of fungous 
diseases affecting the potato. 

The development of special potato-growing sections, as, for example, Aroostook 
County, Me., the Atlantic Coastal Plain trucking region, the Greeley and Car- 
bondale districts of Colorado, and many other areas, in which the average yield 


is approximately from two to three times the general average for the United 
States. 
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1873 TO 1877 
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Figure 1.—Diagram showing the average number of bushels per acre and the aver- 
age farm price per bushel of potatoes grown in the United States by 5-year 
periods from 1868 to 1927 

‘ 


Figures 1 to 4 show a comparison of the relation of increased pro- 
duction to a constantly increasing population. The diagrams show 
that under normal conditions production is keeping pace with popu- 
lation. Crop shortages are, therefore, the result of abnormal or 
unfavorable conditions. 

In comparing the average crop production of potatoes in the United 
States with that of Great Britain, one is impressed with the fact that 
generally speaking we have much yet to learn before we can raise 
our average to that of that country. During the years 1901 to 1910, 
inclusive, the average acre yield in Great Britain was approximately 
200 bushels, while that in the United States was not quite 93 bushels. 

Of the many causes that produce a low average yield in the United 
States, poor seed is thought to play an important part. As a rule 
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the North American potato grower does not pay as careful attention 
to the seed potatoes he plants as does the European grower. ‘The 


quality of seed demanded by European potato growers has been 
largely responsible for their differentiation into seed specialists and 
crop specialists. The seed specialist makes a business of producing 
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FiGuRE 2.—Diagram showing the average potato acreage of, the United States by 
5-year periods from 1868 to 1927 


high-quality seed; the crop specialist produces a high-grade table 
potato. Until recently no such differentiation, at least to any marked 
extent, could be claimed in this country. Fortunately, with the 
rather general adoption of a seed-potato inspection and certification 
service by most if not all northern seed-potato producing States, 
there has come a much more widespread use of certified seed pota- 
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Fiecurp 3.—Diagram showing the average potato production of the United States 
by 5-year periods from 1868 to 1927 


toes and as a result a keener appreciation on the part of progressive 
growers of the real importance of good seed stock. This is result- 
ing in an increased demand for certified seed potatoes, in consequence 
of which those who are engaged in the production of high-class seed 
are receiving a handsome premium for it. 
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WHAT CONSTITUTES GOOD SEED 


Two factors are involved in the consideration of good seed pota- 
toes: (1) The physical or outward appearance of ‘the tubers and 
(2) the heritable or transmissible characters of the stock. The first 
involves the purity and maturity of the stock, uniformity in size 
and shape of the tubers, brightness of skin, firmness of flesh with 
first sprouts just showing, and freedom from scab, Rhizoctonia, late 
blight, or other tuber -decay diseases. The sec ond factor deals with 
nonobservable characters and is by far the more important one, as 
it involves the presence or absence of the virus diseases causing mo- 
saic, leaf roll, spindle tuber, streak, and yellow dwarf. Freedom 
from the virus diseases is an important consideration and can only be 
assured through personal inspection of the growing plants from 
which the seed was obtained or by the purchase of reliably certified 
stock. If in any given year it were possible to plant the entire potate 
acreage of the U nited States with first-class seed stock the total pro- 
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Figurn 4,—Diagram showing the population of the United States by decades from 
1870 to 1920 


duction would be increased from 10 to 25 per cent. Based on the 
average production for the 5-year period from 1918 to 1922, this 


increase would represent from 39 to 9714 million bushels, or an 
increase in money value of $40,333,000 to $106,333,000. 


CERTIFIED AND UNCERTIFIED SEED 


The rapid increase in acreage and production of certified seed 

otatoes, together with the premium over uncertified seed demanded 
a the grower for such stock, has made it necessary to demonstrate 
its superiority over ordinary seed. In the early and consequently 
developmental period of seed certification the producers’ claims of 
superiority were not sufficiently well supported by experimental evi- 
dence to make them convincing. To-day there is abundant evidence 
of the general superiority of certified over uncertified seed potatoes. 
In a paper presented at the 1924 annual meeting of the Potato 
Association of America, H. C. Moore, of the Mic hig an Agricultural 
College, submitted data covering actual comparative tests ‘by a large 
number of independent investiga itors, as shown in Table 2.* 





2Moorr, H. C. EVIDENCE THAT CERTIFIED SEED IS IMPROVED SEED. Proc. 11th Ann. 
Meeting, Potato Assoc. America, 1924, p. 28. 1925. 
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These and many other data serve to emphasize the value of high- 
grade seed. They also indicate the general superiority of certified 
over noncertified stocks as a source of good seed. 


TABLE 2.—Comparative tests of potato yields, showing the advantage of using 
certified seed 


— 3 
i| ce 

increase | Number | increase 

Location of tests in yields | Location of tests | é “ | in yields 
per acre || per acre 

(bushels) | reports | (riche Is) 
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| Montana_.-- 
7 || Nebraska. - - 
New York---_-- 
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Kentucky 
Pennsylvania 


ES 6 sow wis isan olioee South Carolina 
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UNIFORMITY IN SIZE AND SHAPE OF TUBERS 


Under normal conditions of growth many present-day commercial 
varieties are very variable in size and shape of tuber. To some 
extent both size and shape are determined by the character of the 
soil, rate of planting, fertilization, and cultural care given the grow- 
ing crop. Inheritance, however, plays a very important part. Most 
varieties contain within themselves distinct varietal strains which 
when isolated are much more uniform in respect to size and shape 
than the variety itself. Other things being equal, the variety or 
varietal strain that produces the greatest number of fair-sized shapely 
tubers and the smallest number of ill-shaped and small tubers should 
prove the most valuable, because it involves less waste to both the 
grower and the consumer. It is particularly important at present 
that such strains be developed, because there is an increasing demnand 
for fancy table stock to satisfy the requirements of a large. and dis- 
criminating class of. consumers who are’ insisting on greater uni- 
formity in size and shape and are willing to pay a premium on such 
grades. 


DEVELOPMENT OF HIGH-GRADE SEED POTATOES 


The successful production of high-grade seed potatoes is very 
largely dependent upon the following factors: (1) Starting with a 
good strain; (2) the proper treatment of the seed; (3) thorough 
preparation and proper fertilization of the soil; (4) the following of 
the best cultural practices, including protection against insect and 
fungous pests; (5) the elimination of all mixtures and all diseased 
or weak plants; and (6) the careful harvesting and proper storage of 
the crop. 


SECURING A GOOD STRAIN OF SEED 


If the strain of seed being used is lacking in vigor, it is generally 
advisable to discard it and purchase a new lot from some reliable 
grower having superior stock. This suggestion is made as the re- 
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sult of a rather wide experience in trying to improve poor strains 
of potatoes through selection methods. Such attempts have usually 
resulted in failure, and it is felt that as a rule much more satisfactory 
progress can be made by starting with a new strain. Further im- 
provement can usually be secured through selection. 


IMPROVEMENT BY SELECTION 


The improvement of seed potatoes by selective processes has long 
engaged the attention of the potato grower. Recent experimental 
evidence seems to indicate that the possibilities of improving potato 
seed stock by selective processes alone are not as great as many 
writers upon this subject have claimed. To those who have devoted 
much time and effort to the improvement of the potato by selection 
it would appear that the chances of finding superior yielding true-to- 
type strains within a variety are not as great as has been believed. 
The chief advantages to be derived from seed-potato selection prac- 
tices are the elimination of diseased and weak plants and the removal 
of varietal mixtures. 


IMPROVEMENT PRACTICES 


Six improvement practices may be used in obtaining a commercially 
desirable strain of potatoes, namely: (1) The tuber-indexing method, 
(2) tuber-unit method, (3) hill selection, (4) mass selection, (5) 
field roguing, and (6) strain testing. 


TUBER-INDEXING METHOD 


The tuber-indexing method of seed-potato improvement is the most 
recent as well as most effective method of eliminating diseased, weak, 
and low-yielding potato tubers from seed stock intended for planting 
in the seed plot. It is usually done during the winter season. The 
usual procedure in the employment of this method is to select as many 
tubers weighing from 7 to 9 ounces or thereabouts as greenhouse, 
hotbed, or outdoor space will permit. The next step is to number 
each tuber for identification purposes and then remove a seed piece 
or set from each one, preferably from the seed end, although any 
strong eye will serve the purpose. This set is then put in a suitable- 
sized pot (the 314 or 4 inch size is satisfactory), or it may be planted 
in a greenhouse bench or hotbed. In either case the pot or set in the 
bench must be labeled with the number of the tuber from which it 
was taken. The plants produced from these seed pieces are carefully 
observed for the presence of virus diseases such as the various types 
of mosaic, leaf roll, spindle tuber, giant hill, and yellow dwarf. All 
plants showing the presence of any of the diseases mentioned as well 
as any sign of ialeies are noted and the seed tuber from which 
the set was taken is discarded. In this way, by close observance of 
the plants, it is possible to get rid of most if not all of the diseased 
tubers prior to planting them. 

The extent to which this work can be conducted in the North, except 
in regions where a late or fall crop of potatoes can be grown, is 
necessarily limited to the greenhouse or hotbed space available for 
the work. Where a fall or second crop is grown, as in southern 


41379°—29——-2 





8 FARMERS’ BULLETIN 1332 


New Jersey, the Eastern Shore of Maryland or Virginia, and practi- 
cally all of the Southern States, it is possible to practice the tuber- 
indexing method with the spring crop by planting the set from the 
numbered tuber in the open field and properly labeling it. Readings 
can be taken during the growing season in ample time for a second- 
crop planting of indexed tubers that are apparently free from disease 
as well as from any inherent weakness. By undertaking such work 
in the far South it would be possible to grow the indexed sets to full 
maturity before the normal planting period in the North. In fact, 
certain ‘State seed certification agencies are now resorting to this 
practice in order to get a “ reading ” on the behavior of their certi- 
fied strains of seed potatoes. It is believed that the day is not far 
distant when most of the States offering seed certification will be 
practicing this method of seed-potato ‘improvement. The tubers 
found to be free from disease are planted at the proper time in a 
seed plot by themselves on the tuber-unit basis in order to make it 
easy to identify the presence of disease in the plants from any in- 
fected tuber that may have escaped the observer of the tuber -indexed 
set. From this point the same methods are practiced as in the tuber- 
unit method, the description of which follows. 


TUBER-UNIT METHOD ® 


The tuber-unit method, as now generally understood, consists in 
selecting from the seed bin before planting time a considerable num- 
ber of the most perfectly shaped tubers ranging from 6 to 8 ounces in 
weight. In planting, these tubers are quartered, as dropped, into 
parts as nearly equal as possible, by splitting the bud-eye cluster 
twice from seed to stem end of the tuber. In other words, the tuber 
is cut through its longitudinal axis. The four pieces of each tuber 
are dropped consecutively in the row at a distance of 10 to 12 
inches apart in the furrow. All tubers showing discoloration of 
the flesh or other evidence of disease should be rejected. By allow- 
ing an additional spacing between sets of fours, the four plants 
from each tuber are definitely isolated from adjoining ones and 
the grower can readily observe any variation in vigor and uniformity 
among the various units planted. This method also enables him 
to detect any mixtures that may occur in the variety. All mixtures 
should be removed at once. By marking the units that appear 
to be the most uniform in size, vigor, and type when the plants 
are still in vigorous growth, the first step in selection has been accom- 
plished. At digging time the product of each unit is separately 
harvested and a further selection made from the marked units of all 
tubers which most nearly approach the size, shape, and smoothness 
desired. The selected tubers of each unit should be separately 
placed in small sacks, preferably cotton or burlap, numbered with 
both field and unit numbers, and stored to await further examination. 
The final examination should produce data on the number and 
weight of merchantable and unmerchantable tubers and their general 
conformity in size, shape, and smoothness of the type desired. From 


* For further information concerning the arrangement of a tuber-unit selection plot and 
a convenient system of note taking, see the following publication : SruarT, WILLIAM. THE 
“ TUBEPR-UNIT ” METHOD OF SBED-POTATO IMPROVEMENT. U, S. Dept. Agr., Bur. Plant 
Indus. Cir. 113, pp. 25-31, 2 figs. 1913. 
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each of the units retained 10 of the best tubers should be selected for 
the next season’s planting. 

It is desirable to maintain the study of each selection on the tuber- 
unit basis the following season, because it permits a more accurate 
comparison of the behavior of each. The 10 selected tubers from each 
original unit will give 40 plants for study the second year. All selec- 
tions which do not produce a reasonably uniform lot of plants should 
be marked for rejection. At harvest time the progeny of each selec- 
tion should be kept by itself and the same data recorded as those 
taken on the crop grown from the original tuber unit. Only the 
products from such 40-hill rows as meet the most rigid requirements 
should be retained. The further conduct of the work will consist in 


Figure 5.—Progeny of a mosaic-infected potato plant of the Triumph variety on the left 
(A) and of a healthy plant on the right (B). Bin selection of such seed would result 
in taking at least two tubers from the mosaic plant. If small tubers were used all 
would come from diseased plants. In hill-selection work the progeny of plant B 
should be saved 


the multiplication of the selected strains for field planting and the 
elimination of weak plants. 


HILL SELECTION 


The hill-selection method consists in marking the most promising 
plants during the growing season and at harvesting time saving 
only those that give the greatest promise. (Figs. 5 and 6.) The 
progeny of each hill should be kept separate and the same data taken 
as outlined for the tuber unit. Plant on the tuber-unit or progeny- 
row basis the following season. For the sake of uniformity a definite 
number of tubers (five or more) should be planted from each hill 
selection. Subsequent procedure should follow the methods given 
for tuber-unit work. 
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MASS SELECTION 


Mass selection differs from hill selection in only one respect, which 
is that the tubers from the individually selected plants are not kept 
separate. Generally those who practice mass selection do not go to 
the trouble of marking promising individual plants during the grow- 
ing season, but simply go through the field before harvesting the 
whole crop and dig by hand as many plants as may be desired to 
secure the necessary quantity of seed that show the desired vigor and 
stem characters thought to be correlated with Poe trueness 


to type, and uniformity in size of tubers of the particular variety 
grown. 


Ficure 6.—Progeny from abnormal (A) and normal‘(B) plants of the Russet Burbank 
potato. Plant A is known in the West as a degenerate or run-out plant, and the 
disease with which it is affected is probably identical with that recently termed 
“spindle tuber.” It is a communicable disease and may become serious, In hill- 
selection work the progeny of plants such as B should be saved 


FIELD ROGUING 


Improvement of the seed stock through field roguing consists in 
the removal of all diseased, weak, off-type, or varietal-mixture plants 
during the growing season. The successful removal of such plants 
does not necessarily involve an intimate knowledge of the various 
diseases affecting the potato, but it does require that the person doing 
the roguing be able to tell whether a plant is normal or abnormal in 
appearance. A sufficient field area should be rogued the first year 
to provide the quantity of seed necessary to plant the full acreage 
to be grown the ensuing season. The area to be rogued should 
gone over at least three times during the growing season, to insure 
the removal of all plants affected with transferable diseases, such as 
mosaic and leaf roll, as soon as their presence can be detected. In 
the field-roguing method no attempt is made to select. the progeny 
of individual plants at harvesting time, the whole crop being dug 
and all desirable seed stock gathered and stored in bulk. 
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STRAIN TESTING 


The improvement of seed potatoes by the strain test, or, as it 
might more properly be termed, the “source-of-seed test ” method, 
consists in securing as many desirable lots as possible of seed stock 
of the same variety from different growers throughout a given dis- 
trict or State, or even from various States, and carefully studying 
their behavior when grown side by side under identical soil and 
cultural conditions. Experimental studies by this method of seed 
improvement have demonstrated that some lots or strains of seed 
stock are far superior to others; in fact, differences in yield of more 
than 100 bushels per acre have been noted between the lowest and the 
highest yielding strains. Furthermore, it has been conclusively 
demonstrated by numerous trials that these yields were not acci- 
dental, but that in practically every instance the high-yielding strains 
have consistently given larger yields wherever tested. 

The improvement of seed stock by this method does not consist 
in the actual isolation and development of a strain from a given 
variety, but rather in locating, as it were, by comparative tests the 
really superior sources of seed stock. The actual improvement accom- 
plished is measured by the success attending one’s efforts in getting 
live, up-to-date growers to discard their inferior strains and purchase 
the superior one, as shown by the tests made. 

The practical operation of such a movement may be emphasized 
by stating that in 1921 more than 100 potato growers in Wisconsin 
grew seed stock of a superior strain of Triumph potatoes located in 
this manner in 1918. 

It should be remembered that, whatever selection practice is pur- 
sued, the fields devoted to the production of high-quality seed must 
be carefully rogued if the vigor of the seed stock is to be maintained. 


RELATIVE MERITS OF PRECEDING PRACTICES 


A careful consideration of all the experimental evidence at hand 
would seem to justify the conclusion that in the hands of an espe- 
cially trained individual the tuber-indexing method is without doubt 
the most effective for the. elimination of diseased tubers and for the 
creation of foundation stock from which to produce high-class seed- 
stock. The tuber-unit method is the next most promising procedure 
to follow. When the tuber-unit method is practiced in connection 
with that of hill selection it should prove much more effective than 
when used in connection with bin-selected stock. The first three 
methods can be recommended only to those growers and specialists 
who are capable of giving the necessary thought and time to produce 
results. Mass selection and field roguing present greater possibilities 
in the hands of the average grower who does not have the time or 
the inclination to give the care that is required for best results, 
Strain testing is not generally possible to the commercial grower, 


REQUIREMENTS FOR SUCCESS 


The only requirements for the successful practice of the tuber- 
unit, hill-selection, and mass-selection methods of seed-potato im- 
provement are a reasonable degree of painstaking effort on the part 
of the grower, some 12-inch garden labels, a small pair of balances, 
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a sufficient number of small sacks, and a safe place in which to store 
the selected tubers until required for the next season’s planting. 
In addition to this, the grower should have a breeding plot in which 
each season’s selections can be developed up to the point of field- 
planting stock. This selection or seed plot should be located at as 
great a distance from the commercial potato field as possible, in order 
to secure the greatest degree of isolation that is feasible. 


ISOLATION 


Heretofore the problem of isolation has not received due con- 
sideration. This was largely owing to the fact that the serious- 
ness of such diseases as mosaic, leaf roll, curly dwarf, streak, and 
spindle tuber has only recently come to be recognized. The fact 
that all of these diseases are readily transmitted from diseased to 
healthy plants through the instrumentality of plant lice or aphids 
and the further fact that as yet there is no reliable information as 
to the distance that insects may transport these diseases suggest as 
complete isolation of the seed plot as possible. 

The latest suggestion in regard to the production of seed pota- 
toes under isolation is that each variety be grown separately, as it 
has been found that stock of certain varieties supposed to be free 
from mosaic have served as disease carriers to more susceptible 
varieties. For example, it is not desirable to grow the Irish Cobbler 
adjacent to the Green Mountain intended for certification, as the 
former may carry the mosaic virus without expressing it. The dan- 
ger from contamination of the healthy Green Mountain strain by 
the Irish Cobbler is considered sufficiently great by some seed-certifi- 
cation agencies to cause them to refuse to consider stock thus grown 
as eligible for certification. The ultimate success of the seed plot 
in so far as the elimination of tuber-borne diseases is concerned 
rests largely upon the ability of the grower to recognize diseased 
plants and the promptness with which they are removed from the 
seed plot and destroyed. Frequent and thorough inspections of the 
seed plot are necessary to insure the largest possible reduction of 
diseased plants and to reduce the transmission of disease from dis- 
eased to healthy plants. 


SEED TREATMENT 


It-is impossible to produce high-grade seed potatoes if the seed 
planted is infected with disease organisms capable of infecting the 
crop. The disinfection of the seed potatoes is therefore necessary if 
the best results are to follow. The two diseases for which seed pota- 
toes are ordinarily treated are common scab and black scurf, or 
Rhizoctonia. The two disinfecting agents recommended for such 
treatment are formalin and corrosive sublimate (mercuric chloride, or 
bichloride of mercury). Formalin is a trade name for a 40 per cent 
solution of formaldehyde gas. Corrosive sublimate is a white crystal- 
line poisonous compound which goes into solution very slowly in cold 
water but is readily dissolved in boiling hot water. In recent years 
the hot formaldehyde treatment of seed has been found to be much 
more effective against black scurf (Rhizoctonia) than the cold-solution 
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treatment, and it requires a much shorter period of immersion. The 
formulas recommended for these two disease disinfectants are as 
follows: 


* 


1. Formalin: 2. Corrosive sublimate, 4 ounces. 


a, Cold treatment : Water, 30 gallons, 
Formalin, 1 pint. 
Water, 30 gallons. 
b. Hot treatment: 
Formalin, 2 pints. 
Water, 30 gallons, heated to 
125° F. 

The period of treatment for formula 1, a, and for formula 2 is 
from 14% to 2 hours when the seed is dormant and one-half to 11%4 
hours if the tubers are germinated. With formula 1, }, on account 
of the double strength of the solution and the higher temperature of 
the liquid, the period of treatment is cut to 4 or 5 minutes. In using 
the hot formaldehyde solution it is necessary to have a reliable 
thermometer and a well-controlled method of maintaining a uniform 
temperature throughout the treatment. 

The treated tubers should on no account be allowed to come in 
contact with such receptacles as old sacks and barrels in which dis- 
eased seed has been handled, as these articles are almost certain to be 
sources of reinfection. 


























PREPARATION AND FERTILIZATION OF THE SOIL 






Strong, vigorous plants can not be produced on land that has been 
poorly prepared or that is deficient in available plant food. Seed 
potatoes should be grown on land that has been deeply plowed and 
thoroughly prepared to receive the seed. It should be well supplied 
with organic matter and available plant food. A clover or alfalfa sod 
furnishes the organic matter and considerable of the plant food. 
Barnyard manures or commercial fertilizers, or both, will supply the 
additional plant food necessary to produce a good crop. 


CAREFUL CULTURAL PRACTICES 











The vigor of the seed stock produced is to a large extent dependent 
on the care given to the growing crop. Uniformity in the size of the 
tubers is to a large extent governed by the rate of planting. Closer 
planting should be practiced in the growing of seed than of table stock. 
Some growers in Aroostook County, Me., space their rows from 32 
to 36 inches apart and the plants in the row 8 to 12 inches. The crop 
should be cultivated as frequently as may be necessary to provide the 
most suitable growing conditions. 

Every effort should be made to protect the plants from injury by 
insect or fungous pests. Leaf-eating insects can be effectively con- 
trolled if the plants are thoroughly ‘sprayed with arsenical poisons; 
sucking insects, with contact solutions, such as kerosene emulsion 
and nicotine; and fungous diseases, such as the early and late blights, 
with Bordeaux mixture. In every operation it should be remembered 
that whatever contributes to the health of the plant increases the 
vigor of the seed stock produced. 
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ELIMINATION OF VARIETAL MIXTURES AND DISEASED OR WEAK 
PLANTS 


The vegetable-seed growers employ the term “ roguing ” to denote 
the process of removing all mixtures or off-type plants from the seed 
plot. As this term, when understood, is a brief and yet sufficiently 
descriptive way of indicating the process of eliminating all undesir- 
able plants or “ rogues,” it is proposed to use it in this connection. 

Ti is an easy matter to rogue a seed- improvement or selection 
plot during the growing season. Varietal mixtures are more easily 
detected when the plants are in bloom. Weak plants are usually 
apparent in the early stages of their growth, as are also certain types 
of diseases, such as mosaic and blackleg, although both may appear 
later. Plants infected with Rhizoctonia and Fusarium are mana 
not apparent until the latter part of the growing season. It is evi- 
dent from these statements that in order to rogue the seed plot 
thoroughly it is necessary to make two or three examinations of the 
field or plot during the growing season. Further roguing should be 
done when the crop is harvested by discarding the progeny of all 
low-producing plants, (Fig. 5, A.) 


MONETARY VALUE OF GOOD SEED POTATOES 


The producer of high-grade seed potatoes is justly entitled to a 
fair monetary return for the special efforts he has made to produce 
quality seed stock. This is especially true where a seed plot is main- 
tained year after year and the crop has been officially inspected and 
passed by a duly authorized seed-certification inspection officer. 
Just what increase in price over ordinary stock one is entitled to 
receive for such efforts and for the inspection fees involved is not an 

easy matter to determine. It is believed that a premium of 50 cents 

a bushel over the market price of table stock of the same variety 
is ordinarily sufficient to amply repay the grower. Opinions, how- 
ever, will differ upon this point. At the present time, the price of 
certified seed stock varies all the way from $1 to $3.50 a hundred- 
weight—60 cents to $2.10 a bushel. 


IMPORTANCE OF TUBER SHAPE 


Reasonable trueness of the tubers to varietal type is generally 
demanded by the purchaser of certified seed. Most writers who 
have dealt with the subject of good seed have always placed strong 
emphasis upon the importance of its being true to type. Rather 
recently, however, some scientific as well as practical growers have 
been disposed to regard tuber shape as being of less importance than 
has been previously supposed. They have come to regard tubers 
that have departed from the type as a result of unfavorable environ- 
mental soiditisas as being satisfactory for seed purposes. 

As a result of a long- continued preachment of the undesirability 
of slightly off-type tubers for seed purp oses, many cars of otherwise 
high-grade seed stock have been annually rejected by southern truck 
growers. This is particularly true in the case of conspicuouslv 
flattened and somewhat elongated tubers of the Irish Cobbler variety. 
The Irish Cobbler grower in 1 the South has come to demand roundish 
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tubers:and is suspicious of the purity of seed stock containing 
flattened and somewhat elongated tubers and generally protests 
their acceptance as strictly first-class seed stock. In fact, he is 
inclined to regard the off-type tubers as Green Mountain. The only 
obvious way of correcting these firmly rooted convictions is to 
demonstrate experimentally that off-type tubers resulting from un- 
favorable soil, cultural, or climatic conditions are no more likely 
to produce off-type progeny than are normal-shaped ones. This 
statement, however, does not apply to off-type tubers resulting from 
disease; such tubers should not be planted. The spindle tuber 
recently recognized by pathologists as a communicable disease is 
very similar in its method of transmission to leaf roll and the mosaic 
disease. Figure 6, A, represents a fairly good example of spindle 
tubers. It is important, therefore, in the purchase of somewhat off- 
type seed potatoes to know whether the change in shape is really due 
to unfavorable environmental factors and not to disease. 


CAREFUL HARVESTING AND STORAGE OF THE CROP 


The average grower does not fully appreciate the importance of 
using every Means to prevent the mechanical injury of the tubers 
during the process of harvesting and storing. If the crop is grown 
on land containing a plenteous admixture of small stones, the tubers 
are almost certain to be more severely injured in harvesting than 
when grown in a sandy loam soil. Hand digging is not always 
feasible, but it is believed that where small stones abound in the soil 


it will be desirable to harvest the home seed plot by hand. Much 
injury will be avoided if the seed stock designed for planting the field 
plot of the ensuing year is picked directly into crates in which it is 
allowed to remain throughout the storage period. 

The storage conditions necessary to insure vigorous seed at eed 


ing time are more easily provided in the North than in the South. 
In the former region a well-constructed cellar, pit, or cave serves 
reasonably well. The main thing is to keep the room temperature 
sufficiently low to retard germination. The ideal seed tuber is one 
that has not wasted any of its stored-up energy by excessive loss 
through sprouting. (Fig. 7.) It should be firm, with the first sprouts 
just showing. Such tubers can be depended upon, if suitable condi- 
tions prerets to start quickly when planted and to make a vigorous 
growth. 

The general practice among southern growers of securing seed from 
the North involves, in the absence of suitable storage conditions, one 
of two things: Either getting the seed potatoes late in the fall and 
holding them over in dugouts, pits, or cellars, with consequent 
sprouting before planting, or the risk of having the seed chilled, 
frozen, or overheated while in transit in midwinter. In the writer’s 
opinion the greatest need of the large southern truck grower at 
present is suitable storage facilities for handling fall shipments of 
seed potatoes. As a purely economic matter the proposed change 
ought to commend itself. In probably nine cases out of ten the 
difference in first cost of these potatoes as between fall and mid- 
winter shipments would more than offset the extra cost of storage, 





16 FARMERS’ BULLETIN 1332 


while the added security from danger of chilling or freezing the 
shipment would still further compensate the grower. 

For further particulars on storage, consult Farmers’ Bulletin 847, 
“ Potato Storage and Storage Houses.” 


Ficure 7.—Potatoes for seed purposes, showing different stages of germination: 
1, Desirable; 2, undesirable 


LARGE COMPARED WITH SMALL SEED TUBERS 


In seasons of short production and consequent high prices for table 
stock, the question is frequently raised as to the advisability of 
using the small unsalable tubers for seed, The answer to this question 
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is that it is always unsafe to use small tubers for seed purposes 
unless one is absolutely certain that they have been produced by 
healthy, vigorous, and productive plants. As a result of some ex- 
perimental study of this question by Ballou and Gourley* it was 
found that the use of large tubers gave— 
(1) A very heavy, perhaps almost total, percentage of the high-producing 
strains. 

(2) A heavy percentage of the average or moderate-yielding strains. 

(3) A very small percentage of the inferior or low-producing strains. 
The use of small potatoes gave— 


(1) A very insignificant percentage of the superior or high-yielding strains. 
(2) A small percentage of the average or moderate-yielding strains. 
(3) A very heavy, almost total, percentage of the low-yielding or inferior 


strains. 

The use of small seed potatoes is permissible only when they are 
known to have been produced by strong, healthy, and productive 
plants. It is never advisable to use small tubers from the general 
mass produced from unselected stock. 


WHOLE COMPARED WITH CUT SEED* 


Considerable attention has been paid to the subject of whole com- 
pared with cut seed at various times by the State agricultural experi- 
inent stations. The data accumulated in these investigations are for 
the most part conflicting in so far as they pertain to the use of whole 
seed. In general, the data show that within reasonable limits the 
larger the seed piece planted the larger is the crop produced. Eng- 
lish and Scotch potato growers almost without exception plant whole 
tubers. The seed used usually runs from 114 to 214 inches in di- 
ameter, being screened out of a crop which as a rule has been grown 
especially for seed purposes. They are harvested before they are 
mature, and but a relatively small proportion of the crop exceeds the 
size mentioned. These growers believe that an earlier and more 
vigorous growth is secured from immature tubers. 

Some of the reasons why European growers have adopted whole 
seed and are succeeding in producing profitable crops are as follows: 
(1) They are assured of an almost perfect stand ; (2) there is greater 
freedom from disease; (3) the almost universal practice of germi- 
nating their seed before planting insures a minimum number of 
sprouts; and (4) the greater fertility of their land makes large yields 
of medium-sized tubers possible. 

Some of the reasons for failure in the use of whole seed in this 
country are: (1) The use of small tubers from unselected stock 
and (2) the development of too many sprouts, with a consequent 
large set of tubers, which, owing to lack of thorough preparation of 
the soil, to scant plant food, and to insufficient moisture, do not 
reach a marketable size, at least in sufficient numbers to produce a 
profitable crop. The development of too many sprouts comes about 
through planting tubers in a dormant condition, which under favor- 
able soil temperature and moisture starts almost every bud into 
growth. 


* Batwou, F. H., and Govurtey, J. H. 1. THE STATUS OF THE POTATO-GROWING INDUSTRY IN 
OHIO. Il, SEASONAL NOTES ON POTATORS. Ohio Agr. Exp. Sta, Bul. 218, p. 587. 1910. 


°> Sruart, W., and others. sSIzB OF POTATO SETS : COMPARISONS OF WHOLE AND CUT SEED, 
U, S. Dept. Agr. Bul. 1248, 43 pp., illus. 1924. 
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Seotch and Irish potato growers plant not less than 37 biishels® 
of seed per acre, ant frequently this quantity is greatly exceeded.: . 
The American grower, on the other hand, plants from 7 to 16 bushels 
per acre, with an average of 9 to 11 bushels. It is believed that the 
average potato production of the United States. would be very 
materially increased if a larger quantity of seed were used. 
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SUMMARY 


he Ue 


The production of high-grade seed potatoes should be regarded as 
a special business. 

Good seed is a determining factor in the production of maximum 
crops of potatoes. 

Certified seed is generally superior to noncertified seed. 

Good strains of seed may be obtained by the tuber-unit, tuber-index, 
hill-selection, mass-selection, field-roguing, or strain-test methods 
through the process of elimination. 

Like produces like. If tubers from unproductive, weak, or diseased 
plats are planted, a poor harvest will be reaped. Use seed from 
préductive _— 

Purity of seed stock is an essential quality of good seed. Serious 
lossés are sustained by the grower through mixtures. 

Good seed can not be erodused unless the growing plants are well 
cared for and the strain of seed planted was a good one. 

A more liberal use of good seed would materially increase the aver- 
age. production per acre. 
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All seed should be disinfected before planting. 

Experimental evidence does not indicate that whole seed is superior 
to cut seed, at least so far as it relates to the United States. 

Good storage facilities are essential to insure sound, firm seed at 
planting time. 


ADDITIONAL COPIES 
OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 
U. 8. GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 
AT 
5 CENTS PER COPY 
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HE IMPORTANCE of planting good seed pota- 

toes is not appreciated as fully as it should be. 
Good seed is one of the determining factors in profit- 
ably producing maximum crops of potatoes. 

The quality of the seed can be improved by re- 
moving all diseased, weak, or off-type plants as soon - 
as they are observable. 

Good seed can be produced only by giving the 
growing plants good cultural attention. 

Only seed from productive plants should be used. 

Seed should be free from varietal mixture and 
true to type. 


Good storage conditions are essential in insuring 
sound, firm seed at planting time. 


All seed stock should be disinfected before it is 
planted. 

This bulletin is a revision of and supersedes Farmers’ 
Bulletin 533, Good Seed Potatoes and How to Produce Them 


Washington, D. C Issued May, 1923; revised April, 1933 
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IMPORTANCE OF GOOD SEED 


HE USE OF GOOD SEED is especially important in lowering 
the unit cost of potato production. Lowering unit cost does 
not necessarily mean lowering the quality or the price of a bushel of 
potatoes, but, rather, furnishing a better product without increasing 
the cost of its production. The progressive potato-grower’s aim 
should be to produce as many profitable bushels per acre as possible. 
Two factors determine the quality of seed potatoes: (1) The physi- 
cal or outward appearance of the tubers and (2) the heritable or 
transmissible characters of the stock. The first involves the purity 
and maturity of the stock, uniformity in size and shape of the tubers 
brightness of skin, firmness of flesh with first sprouts just showing, 
and freedom from scab, Rhizoctonia, late blight, or other tuber-decay 
diseases. The second factor deals with nonobservable characters and 
is by far the more important, as it involves the presence or absence 
of the virus diseases causing mosaic, leaf roll, spindle tuber, streak, 
and yellow dwarf. Freedom from the virus diseases is important 
and can only be assured by inspection of the growing plants from 
which the seed was obtained or by the purchase of reliably certified 


stock, 
DEVELOPMENT OF HIGH-GRADE SEED 


SELECTION METHODS 


The chief improvement to be made in seed-potato stocks by 
selection methods is the elimination of diseased and weak plants 
and of varietal mixtures. Experimental evidence seems to indicate 
that the possibilities of improving seed stock by selective practices 
alone are not so great as has been claimed, and that the chances of 
finding superior-yielding, true-to-type strains within a variety 
are more limited than was once believed. 

156827°—33 1 
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Five methods of improvement may be used in obtaining a com- 
mercially desirable strain of potatoes: (1) The tuber-indexing 
method, (2) the tuber-unit method, (3) hill selection, (4) mass 
selection, and (5) field roguing. 


TUBER-INDEXING METHOD 


The tuber-indexing method of seed-potato improvement is the 
most recently dev ised and most effective method of eliminating 
diseased, weak, and low-yielding potato tubers from seed stock 
intended for planting in the seed Lage The work is usually done 
during the winter. The first step is to select as many tubers, each 
weighing from 7 to 9 ounces or thereabouts, as greenhouse, hotbed, 
or outdoor space will accommodate. The next “step is to number 
each tuber for identification and then remove a seed piece or set 
from each, preferably from the seed end, although any strong eye 
will serve. This set is then put in a suitable-sized pot (the 34% or 
4 inch size is satisfactory), or it may be planted in a greenhouse 
bench or hotbed. In either case the set must be labeled with the 
number of the tuber from which it was taken. The plants produced 
from these seed pieces are carefully observed for virus diseases such 
as the various types of mosaic, leaf roll, spindle tuber, giant hill, 
and the yellow dwarf. All plants showing any of these diseases 
or any sign of weakness are noted, and the seed tubers from which 
the sets were taken are discarded. In this way it is possible to get 
rid of most if not all of the diseased tubers before planting them. 

The best method of handling the mother tubers from which the 
index sets have been removed is to hold them for 10 days to 2 weeks 
in a temperature of 60° to 70° F., after which they may be held at 
40° to 45° until planting. The higher temperature with relatively 
high humidity favors thorough healing of the cut surface. 

The extent to which this work can be done in the North, except in 
regions where a late or fall crop of potatoes can be grown, is 
necessarily limited to the greenhouse or hotbed space ‘available. 
Where a fall or second crop is grown, as in southern New Jersey, 
the Eastern Shore of Maryland and Virginia, and practically all 
of the Southern States, it is possible to practice the tuber-indexing 
method with the spring crop by planting the set from the numbered 
tuber in the open field and properly labeling it. Observations can 
be made during the growing season in ample time for a second- 
crop planting of indexed tubers that are apparently free from 
disease as well as from any inherent weakness. By doing such work 
in the far South it would be possible to grow the deed sets to full 
maturity before the normal planting period in the North. In fact, 
certain State seed-certification agencies are now resorting to this 
practice in order to get a “reading” on the behavior of their cer- 
tified strains of seed potatoes. At the usual planting time, the 
tubers found to be free from disease are planted in a seed plot by 
themselves, the pieces from each tuber being planted separately. It 
is then easy to identify, in the growing plants, any disease from an 
infected tuber that may have escaped the observer of the tuber- 
index set. From this point in the process the practices are the 
same as those under the tuber-unit method. 
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TUBER-UNIT METHOD * 


The tuber-unit method consists in selecting from the seed bin 
before planting time a considerable number of the most perfectly 
shaped tubers ranging from 6 to 8 ounces in weight. In planting, 
these tubers are quartered, as dropped, into parts as nearly equal 
as possible, by splitting the bud-eye cluster twice from seed to stem 
end of the tuber. In other words, the tuber is cut through its lon- 
gitudinal axis. The four pieces of each tuber are dropped consecu- 
tively in the row, 10 to 12 inches apart. All tubers showing discolor- 
ation of the flesh or other evidence of disease should be rejected. By 
allowing an additional spacing between sets of fours, the four plants 
from each tuber are definitely isolated and the grower can readily 
observe any Variation in vigor and uniformity among the various 
units planted. This method also enables him to detect any mixtures 
in the variety. All mixtures should be removed at once. The units 
that appear most uniform in size, vigor, and type when the plants 
are still in vigorous growth are marked, and the first step in selection 
has been accomplished. At digging time the product of each unit is 
separately harvested and a further selection made from the marked 
units of all tubers which most nearly approach the size, shape, and 
smoothness desired. The selected tubers of each unit should be sepa- 
rately placed in small sacks, preferably cotton or burlap, numbered 
with both field and unit numbers, and stored to await further exam- 
ination. The final examination should produce data on the number 
and weight of merchantable and unmerchantable tubers and their 
general conformity in size, shape, and smoothness to the type desired. 
From each of the units retained 10 of the best tubers should be 
selected for the next season’s planting. 

It is desirable to maintain the study of each selection on the tuber- 
unit basis the following season, because it permits a more accurate 
comparison of the behavior of each. The 10 selected tubers from 
each original unit will give 40 plants for study the second year. 
All selections which do not produce a reasonably uniform lot of 
plants should be rejected. At harvest time the progeny of each se- 
lection should be kept by itself and the same data recorded as those 
taken on the crop grown from the original tuber unit. Only the 
products from such 40-hill rows as meet the most rigid requirements 
should be retained. The further work will consist in multiplying 
the selected strains for field planting and eliminating the weak 
plants. 

HILL SELECTION 


The hill-selection method consists in marking the most promising 
plants during the growing season and at harvesting time saving only 
the progeny of the best. (Figs. 1 and 2.) The progeny of each hill 
should be kept separate and the same data taken as outlined for the 
tuber unit. Plant on the tuber-unit or progeny-row basis the fol- 
lowing season. For the sake of uniformity a definite number of 
tubers (five or more) from each hill selection should be planted. 
Subsequent procedure should follow the practices given for the 
tuber-unit method. 


1 For further information on the arrangement of a tuber-unit seleetion plot and a con- 
venient system of note taking, see U. 8. Dept. Agr., Bur. Plant Indus. Cire. 113, The 
“'Puber-Unit ” Method of Seed-Potato Improvement. 
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Figure 1.—Progeny of (A) a mosaic-infected potato plant of the Triumph variety and 
Bin selection of such seed would result in taking at least two 


) s would come from dis- 
In hill-selection work only the progeny of plant B would be saved 


(B) a healthy plant 


tubers from the mosaic plant. If small tubers were used all 
eased plants. 


Figure 2.—Progeny from (A) abnormal and (B) normal plants of the Russet Burbank 
Plant A is known in the West as a degenerate or run-out plant, and the 
with which it is affected is probably identical with that termed “ spindle 
tuber.” It is a communicable disease and may become serious. In hill-selection 
work only the progeny of plants such as B would be saved 
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MASS SELECTION 


Mass selection differs from hill selection in only one respect, that 
is, the tubers from the individually selected plants are not kept sep- 
arate. Generally growers who practice mass selection do not go to 
the trouble of marking promising individual plants during the grow- 
ing season, but simply go through the field before harvesting the 
whole crop and dig by hand as many plants that show the desired 
vigor and stem characters thought to be correlated with productive- 
ness, trueness to type, and unifor mity in size of tubers of the partic- 
ular variety grown, as may be desired to secure the necessary quan- 
tity of seed. 


FIELD ROGUING 


By “roguing” vegetable-seed growers mean improving the seed 
stock by the process ‘of removing ‘all “rogues ”"—diseased, weak, off- 
type, or varietally mixed pl: ants—from the field or seed plot during 
the growing season, when the process is relatively easy. Roguing 
does not necessarily require an intimate knowledge of the various 
potato diseases, but it does call for the ability to tell whether a plant 
is normal or abnormal in appearance. Varietal mixtures are more 
easily detected when the plants are in bloom. Weak plants are us- 
ually easy to detect in the early stages of their growth, as are also 
certain types of disease such as mosaic and blackleg, although both 
weakness and disease may appear later. Infection with Rhizoctonia 
and Fusarium is us sually not apparent until the latter part of the 
growing season. The area should be gone over at least three times 
during the growing season. In field roguing a sufficient area should 
be covered the first year to provide enough seed to plant the full 
acreage that is to be grown the ensuing season. When the crop of 
the seed plot is harvested, further roguing should be done by dis- 
carding the progeny of all low-producing plants. (Fig. 1, A.) 


RELATIVE MERITS OF THE DIFFERENT METHODS 


Careful consideration of all the experimental evidence at hand 
seems to justify the conclusion that in the hands of an especially 
trained individual the tuber-indexing method is without doubt the 
most effective process for eliminating diseased tubers and for creating 
foundation stock from which to produce high-class seed stock. The 
tuber-unit method is the next most promising. When it is practiced 
in connection with hill selection it should prove much more effective 
than when used in connection with bin-selected stock. The first three 
methods can be recommended only to those growers and specialists 
who are capable of giving the thought and time nec essary to produce 
results. Mass selection and field roguing present greater possibilities 
in the hands of the average grower “who does not have time or incli- 
nation to give the care required for best results. 

The only requirements for the successful practice of the tuber-unit, 
hill-selection, and mass-selection methods are a reasonable degree of 
painstaking effort on the part of the grower, some 12-inch garden 
labels, a small pair of balances, a sufficient number of small sacks, a 

safe place in which to store the selected tubers until they are required 
for the next season’s planting, and a breeding plot in which each 
season’s selections can be developed into planting stock, The selection 
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or seed plot should be located as far from the commercial potato field 
as possible, in order to secure the greatest degree of isolation feasible, 


ISOLATION 


It is now recommended that in producing seed potatoes under isola- 
tion, each variety be grown separately, because it has been found that 
stocks of certain varieties supposed to be free from mosaic have ser ved 
as carriers of disease to more susceptible varieties. For example, it is 
not desirable to grow the Irish Cobbler adjacent to the Green 
Mountain intended for certification, as the former may carry the 
mosaic virus without revealing it. Some seed-certification agencies 
consider the danger of the Ir ish Cobbler’s contaminating the he ralthy 
Green Mountain oe so great that they refuse to certify 
Green Mountain stock near which Irish Cobbler has been grown. 
The ultimate success in using the isolated seed plot in eliminating 
tuber-borne diseases rests largely on the ability of the grower to 
recognize diseased plants and_his promptness in removing them 
from the seed plot and destroying them. Heretofore, the factor of 
isolation has not received due consideration, largely because the seri- 
ousness of such diseases as mosaic, leaf roll, curly dwarf, streak, and 
spindle tuber had not been recognized. The fact that all of these 
diseases are readily transmitted from diseased to healthy plants 
through the instrumentality of plant lice or aphids and the further 
fact that as yet there is no reliable information on the distance over 
which insects may transport these diseases, suggest an isolation of the 
seed plot as complete as possible. 


Frequent and thorough inspections of the seed plot are necessary to 
insure the largest possible elimination of diseased plants and to 
reduce the transmission of disease from diseased to healthy plants, 


SEED TREATMENT 


It is impossible to produce high-grade seed potatoes if the seed 
planted is infected with disease erganisms capable of infecting 
the crop. Disinfection of the seed potatoes is the refore necessary if 
the best results are to follow. The two diseases for which seed pota- 
toes are ordinarily treated are common scab and black scurf, or 
Rhizoctonia. The two disinfecting agents recommended for such 
treatment are formalin and corrosive sublimate (mercuric chloride, or 
bichloride of mercury). Formalin is a trade name for a 40 per cent 
solution of formaldehyde gas. Corrosive sublimate is a white crystal- 
line poisonous compound which goes into solution very slowly in cold 
water but is readily dissolved in boiling water. The hot-formalde- 
hyde treatment of seed has been found much more effective against 
black scurf (Rhizoctonia) than the cold-solution treatment, and 
requires a much shorter period of immersion. The formulas recom- 
mended for these two disease disinfectants are: 

1, Formalin: 2. Corrosive sublimate, 4 ounces. 

a. Cold treatment: Water, 30 gallons. 
Formalin, 1 pint. 
Water, 30 gallons. 
6. Hot treatment: 
Formalin, 2 pints. 
Water, 30 gallons, heated te 
128° F. 
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The period of treatment for formula 1, a, and for formula 2 is 
from 114 to 2 hours when the seed is dormant and one-half to 1144 
hours if the tubers are germinated. With formula 1, 6, on account 
of the double strength of the solution and the higher temperature of 
the liquid, the per iod of treatment is cut to 4 or 5 minutes. In using 
the hot formaldehyde solution it is necessary to have a reliable 
thermometer and a well-controlled method of maintaining a uniform 
temperature throughout the treatment. 

The treated tubers should on no account be allowed to come in 
contact with such receptacles as sacks and barrels in which dis- 
eased seed has been handled, as these articles are almost certain to be 
sources of reinfection.’ 


SOIL PREPARATION AND CULTURAL PRACTICES 


Strong, vigorous plants can not be produced on land that has been 
poorly prepared or that is deficient in available plant food. Seed 
potatoes should be grown on land that has been deeply plowed and 
thoroughly prepared to receive the seed. It should be well supplied 
with organic matter and available plant food. A clover or alfalfa 
sod furnishes the organic matter and considerable plant food. 
sarnyard manures or commercial fertilizers, or both, will supply the 
additional plant food necessary. 

The vigor of the seed stock produced depends largely on the care 
given to ‘the growing crop. Uniformity in the size of the tubers is 
largely governed by the rate of planting. Closer planting should 
be practiced in growing seed than in growing table stock. Some 
growers in Aroostook County, Me., space their rows 32 to 36 inches 
apart and the plants in the row 8 to 12 inches. The crop should be 
cultivated as frequently as may be necessary to provide the most 
suitable growing conditions. 

The plants should be sprayed to prevent injury by insect or 
fungous pests. Leaf-eating insects can be effectively controlled by 
thorough spraying with arsenical poisons; sucking insects, with contact 
solutions, such as kerosene emulsion and nicotine; and fungous dis- 
eases, such as the early and late blights, with Bordeaux mixture. In 
every operation it should be remembered that whatever contributes to 
the health of the plant increases the vigor of the seed stock produced. 


IMPORTANCE OF TUBER SHAPE AND SIZE 


Reasonable trueness of the tubers to varietal type is generally 
demanded by the purchaser of certified seed. The Irish Cobbler 
grower in the South demands roundish tubers and is suspicious of 
the purity of seed stock that contains flattened and somewhat elon- 
gated tubers; he generally protests against accepting them as strictly 
first-class seed stock, and is inclined to regard the off-type tubers 
as Green Mountain. 

However, some scientific workers and practical growers are now 
disposed to regard tuber shape as being less important than was previ- 
ously supposed. They have come to regard tubers that have de- 
parted from the type because of unfavorable environmental condi- 
tions as being satisfactory for seed purposes, and as no more likely 


evita eT a an ee tO a a 
2For more complete information on seed treatment, see U. 8S. Dept. Agr. Misc. Pub. Ne. 
53, Disinfecting Seed Potatoes, 
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to produce off-type progeny than are normal-shaped tubers. This, 
however, does not apply to tubers that are off-type as a result of 
disease; such tubers should not be planted. The spindle tuber, now 
recognized as a communicable disease, is very similar to leaf roll and 
the mosaic disease in its method of transmission. Figure 2, A, 
pictures a fairly good example of spindle tubers. It is ‘important, 
therefore, in purchasing somewhat off-type seed potatoes to know 
that the change in shape is really due to unfavorable environmental 
factors and not to disease. 

In seasons of short production and consequent high prices for 
table stock, the question of whether it is advisable to use the small, 
unsalable tubers for seed is frequently raised. It is always unsafe 
to use small tubers for seed unless it is absolutely certain that they 
have been produced by healthy, vigorous, and productive plants. 
It is never advisable to use small tubers from the general production 
from unselected stock. Some experimental study ‘of this subject by 
Ballou and Gourley * demonstrated that the planting of large tubers 
gave— 

(1) A very high, sometimes almost total, percentage of the high-producing 
strains. : 

(2) A high percentage of the average or moderate-yielding strains. 

(3) A very low percentage of the inferior or low-producing strains, 

The planting of small tubers gave— 

(1) A very insignificant percentage of the high-producing strains. 

(2) A low percentage of the moderate-yielding strains. 

(3) A very high, almost total, percentage of the low-yielding strains. 


WHOLE SEED COMPARED WITH CUT SEED ‘*% 


Experimental evidence does not indicate that whole tubers are 
better than cut tubers as seed, at least in the United States. The 
data, while conflicting, show that in general and with reasonable 
limits the larger the seeds planted, the larger the crop. If whole 
seed is to be planted, small tubers and those from unselected stock 
should not be used. 

The tubers should be germinated before being planted, to insure 
a minimum number of sprouts. Planting dormant whole tubers 
causes too many sprouts to develop. 


HARVESTING AND STORAGE 


The importance of preventing mechanical injury of the tubers 
during harvesting and storing is not fully realized. If the land 
contains small stones, the tubers are almost certain to be more severely 
injured in harvesting than if they were grown in a sandy loam 
soil. Hand digging is not always feasible, but where small stones 
abound in the soil it is desirable to harvest the home seed plot by 
hand. 

Much injury will be avoided if, when harvested, the seed stock 
designed for planting the field plot of the ensuing year is placed 
directly in crates in which it can remain throughout the storage 
period. 


*The Status of the Potato-Growing Industry in Ohio. II. Seasonal Notes on Potatoes. 
Ohio. Agr. Exp. Sta. Bul. 218. 


4 Size of Potato Sets: Comparisons of Whole and Cut Seed. U. 8S. Dept. Agr. Bul. 1248. 
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The storage conditions necessary to insure vigorous seed at plant- 
ing time are more easily provided in the North than in the South, 
because it is easier to maintain the proper temperature in that region. 
In the North a well-constructed cellar, pit, or cave serves reasonably 


Ficurn 3.—Potatoes to be used for seed, showing different stages of germination : 
1, Desirable ; 2, undesirable 


well. The main requirement is to keep the room temperature low 
enough to retard germination. The ideal seed tuber is one that 
has not wasted any of its stored-up energy by excessive loss through 
sprouting. (Fig.@.) It should be firm, with the first sprouts just 
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showing. Such tubers can be depended upon, under suitable condi- 
tions, to start quickly when planted and to make a vigorous growth. 

In the South, because of the difficulty in preserving proper storage 
temperatures and thus preventing sprouting, the general practice has 
been to secure seed stock from the North. This method has diffi- 
culties also, because there is always the risk of the seed being chilled, 
frozen, or overheated while in transit in midwinter. Proper storage 
facilities such as described in Farmers’ Bulletin 847, Potato Storage 
and Storage Houses, would allow the southern potato grower to have 
his seed stock shipped to him as soon as it is harvested in the fall or 
even to grow his own seed if he desires. 


CERTIFICATION OF SEED 


The rapid increase in acreage and production of certified seed 
potatoes, and the higher prices which their growers demand, have 
made it necessary to demonstrate that certified seed potatoes are 
superior to ordinary seed potatoes. During the time when the pro- 
duction of certified seed was being developed, there was not enough 
experimental evidence to support the growers’ claims of its superi- 
ority. But now there is abundant evidence of that superiority. 
Data covering actual comparative tests made by a large number 
of indepe .ndent investigators are shown in Table 1, taken from an 
address by H. C. Moore before the 1924 annual meeting of the Potato 
Association of America. 


TABLE 1.—Comparative tests of potato yields, showing the advantage of using 
certified seed 


Average Average 
Tests or | increase a el hie Tests or | increase 
reports | in yields Location of tests reports | in yields 
per acre per acre 


| Number | Bushels |} Number | Bushels 
15 &R | Michigan..-.-..--.---- 314 73 





| 
Location of tests | 
| 


Connecticut. as 144 53 || Missouri_.....-.---- 46 43 
Delaware - -- 21 &3 || Montana-. ; 2 219 
Ilinois - . ; i 15 47 || Nebraska 64 141 
Indiana -- : | 9,740 44 || New York 68 76 
Kansas_-_- | 11 41 || Ohio 168 48 
Kentucky : a 220 42 | Oregon 3 150 
Louisiana - : eae 31 42 H} 

Maine. | 279 83 | 
Massachusetts. ee ace 75 


Pennsylvania - af 87 41 
South Carolina_- sso seeps cod 8 | 31 


REQUIREMENTS 


Seed certification is a system of official inspection whereby the 
quality of the potato-se ed stock may be guaranteed. At present 
potato-seed certification is being carried on in 22 States and in every 
Canadian Province. 

It is purely voluntary on the part of seed-potato growers in the 
States and Provinces in which the service is available. In many 
States, however, the applicant for seed certification must previously 
have submitted to the official in charge of the certification work a 
sample of the seed stock he proposes to plant, or he must plant cer- 
tified seed approved by that officialh A number of States also 
require that an isolated seed plot be maintained. 
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All seed-potato certification agencies have promulgated rules and 
regulations designed to insure a high degree of freedom from dis- 
ease. Practically all these agencies require that two field inspec- 
tions of the growing plants and a subsequent examination of the 
tubers at the bin or shipping point be made by their authorized in- 
spectors before they will issue certification tags. This procedure 
guarantees the purchaser and user that such seed is free from any 
appreciable amount of tuber-borne diseases, especially those of the 
virus type. While there are differences in the percentage of disease 
tolerated in the different seed-producing States, they are not suffi- 
ciently great to materially affect the quality of the seed. Certain re- 
quirements as to trueness to name, freedom from varietal mixture, 
vigor of plants, yield, tuber type, percentage of mechanical inju- 
ries, etc., are also made in seed certification. The personal factor 
is generally recognized as of greater importance than rigidity of 
rules and regulations. 

The producer of high-grade seed potatoes is justly entitled to a 
fair monetary return for the special efforts he has made to produce 
high-quality seed stock, especially if he has maintained a seed plot 
vear after year and his crop has been officially inspected and passed 
by an authorized seed-certification inspection officer. 


VOLUME OF PRODUCTION 


The extent of the seed-potato certification movement and the vol- 
ume of production are indicated by Table 2, which gives for 1923- 
1932 the production, in bushels, of certified seed potatoes in the 
22 States in which seed certification has been undertaken. The vol- 
ume of production during the last half of the decade shows an aver- 
age increase of more than 45 per cent over that of the first five years. 
The year of greatest production was 1928, in which over 10,250,000 
bushels were certified. 


TAsLe 2.—Production of certified seed potatoes (bushels) in 22 States, 
1923-1932 * 





California aie “e | 12, 050 12, 075 17, 800 
Colorado--- - 22, 037 28, 560 31, 300 77, 105 
Idaho......-- | 92, 500 | 278, 148 371, 479 866, 162 
Kentucky - - - é | 3, pon 550 14, 622 22, 920 25, 500 
Maine --- - | 2, 140, 87: 5, 052, 681 2, 226, 050 2, 294, 845 3, 278, 101 
Maryland - | 7, 000 7 8, 205 18, 390 32, 078 
Michigan. -- ‘ | 272, 794 “291, 086 214, 656 337, 000 162, 397 
Minnesota _- uM | 511, 588 777, 800 596, 605 693, 685 621, 999 
Montana_- - é , a74 31, 950 67, 800 113, 365 180, 562 
Nebraska. 2, 880 79, 750 12 21, 200 60, 200 181, 500 
New Hampshire. 5, 183 30, 328 , 287 2, 695 14, 778 
New Jersey-- 23, 100 81, 850 57, 911 92, 916 2 475 
New York 239, 031 363, 065 210, 700 225, 371 323, 080 
North Dakota 72, 663 101, 836 , 110 181, 400 321, 305 
| ‘ , 025 11, 230 , 120 5, 600 6, 300 
CRE ns ae 15, 900 27, 600 46, 000 87, 840 
Pennsylvania 65, 000 , 965 41, 115 29, 870 


WR iraicamantcgene en ains 
Washington. _- ig deebinsin hatiend 
WE nndassebes 

W yoming 


127, & 225, 000 108, 655 160, 031 252, 582 
28, 76 potash a 17, 550 30, 300 121, 350 
387, 357, O74 163, 025 | 196, 500 243, 000 
. 21, 000 138, 000 259, 500 








Total. 


| 
' 
| 
j 
| 
Saget DRONE cc ul . | x 23, 600 28, 441 49, 856 
| 


4, 262, 499 7, é 514, 137 4,411, 419 5, 103, 628 | 7, 153, 14@ 


! Data supplied by the Bureau of Agricultural Economics, U. S. Department of Agriculture. 
? The second crop developed primary leaf-roll symptoms and nearly all fields were rejected 
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TaR_e 2.—Production of certified seed potatoes (bushels) in 22 States, 
1923-—1932—Continued 


1929 {| 1930 1931 1932 
11, 768 | 4, 200 8, 750 (*) 

71, 450 51, 945 95, 580 122, 530 

203, 717 314, 803 224, 232 161, 480 

, 21, 117 9, 050 9, 088 11, 800 

---} 5,094, 128 3, 998, 902 , 709, 554 4, 628,780 | 2, 920, 669 

Maryland 21, 581 40, 488 16, 808 65, 948 57, 408 

Michigan wewiindwena 854, 742 741, 215 212, 125 193, 642 370, 664 

Minnesota-.---_-- 1, 162, 540 911, 099 548, 291 662, 528 437, 266 

236, 499 72, 380 68, 962 62, 142 63, 965 

152, 400 462, 450 663, 000 384, 000 392, 001 

New Hampshire Scie ek ncensdiacce 17, 250 9, 264 34, 960 39, 650 12, 925 

New Jersey 100, 355 62, 286 49, 666 109, 177 75, 406 
470, 528 572, 100 715, 835 819, 220 
North Dakota- 539, 855 412, 300 372, 000 413, 000 
cutie 6, 150 6, 400 4, 800 6, 000 
: 154, 237 137, 711 74, 050 136, 635 
Pennsy ivania_ 59, 76 46, 016 91, 113 
South Dakota 59 5 27, 79 35, 350 
132, 850 | 219, 140 
Washington 85, O85 | 115, 363 
Wisconsin - - __ nie 3, 36 261, 391 258, 596 
Wyoming 350, 299, 780 187, 338 





6, 702, 961 | 8,765,272 | 6, 929, 058 
3 Data not available. 
Maine has easily been the leader in volume of production. 
Figures on the production of certified seed of 10 of the leading 
commercial varieties in the United States, as given in Table 3, show 


that the Irish Cobbler, Green Mountain, and Triumph varieties lead 
in number of bushels certified. 


Tas_p 3.—Production of certified seed potatoes (bushels) in the United States, 
by varieties, 1923-1932 * 


Variety é n | 1925 


Irish Cobbler ¢ 893 1, 402, 587 


Fees oe ‘ 302, 255 
Spaulding Rose. bekiacebce sede ab hed 453, 918 
as Acitiigicasdpecielcnecosysse Keon q 181, 691 


Burbank , 16, 100 
Russet Burbank (Netted Gem) -_----_----- |, 917 53, 97 446, 016 
Green Mountain : 6 1, 052, 032 
Charles Downing (Jdaho Rural)_.....-..--- 29, 200 38, 458 
Rural New Yorker No. 2 . 131, 084 


Russet Rural. i 3 3 213, 982 345, 454 


1930 1931 


Irish Cobbler i 3 2, 593, 869 | 1,843,473 | 2,945,996 
Triumph 7 5 1, 233, 769 1, 157, 980 939, 113 
Spauldi 2 791, 99£ 483, 539 410, 280 577, 772 
Early Ohio... ee i aoa cteccerninch Ameena ; 186, 967 182, 279 280, 528 
Burbank -..-- i r 8 82, 092 30, 330 40, 533 
Russet Burbank (Netied Gem) ....-.------- 550, 7 313, 961 439, 593 384, 179 
Green Mountain ‘ 2, 230, 965 1, 679, O78 | 2,722,315 
Charles Downing (Jdako Rural) i 14, 276 15, 883 6, 425 
Rural New Yorker No. 2-...-......--.--.-- 4 268, 074 243, 042 237, 739 
Russet Rural-_----.---- 2 pie eat 925, 826 894, 933 414, 797 451, 169 





1 Data from the Hay, Feed, and Seed Division, Bureau of Agricultural Economics, U. 8. Department 
of Agriculture. 
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RESTRICTED USE 


It is obvious from the foregoing information on the value of certi- 
fied seed potatoes and the extent of their production that growers of 
potatoes for either commercial or home use are not yet fully con- 
vinced of the advantage of planting certified seed. 

Even after more than 15 years of seed certification less than one- 
fourth of the total potato acreage of the United States is planted 
with certified seed. The reason for this seeming neglect by growers 
may well be considered. The data in Table 1 cle: arly show a distinet 
gain in yield, ranging from 31 to 219 bushels an acre, from the use 
of certified seed. Obv iously, failure to use certified seed can not be 
ascribed to lack of performance of the seed in increasing yield. 

Two factors are probably involved in this failure: (1) Price differ- 
ence between certified and uncertified seed; and (2) indifference of 
the grower to quality of seed. In regard to the first factor, pur- 
chasers of certified seed may consider that many growers demand a 
larger price premium than is warranted. However, the price pre- 
mium is partly justified by the exacting demands of the purchaser in 
regard to freedom of the tubers from mechanical injuries, from 
surface diseases such as common scab and rhizoctonia, and from 
undersized and oversized potatoes. To meet purchasers’ require- 
ments the grower must often discard a considerable percentage of 
his stock, thereby reducing his profits. In order to reduce such 
grading losses the grower must select land as free from scab and 
rhizoctonia infestation as possible; he must control the size of tubers 
by closer planting or the use of larger seed pieces, and he must lessen 
mechanical injury by more careful harvesting and handling. 

By observing such practices the grower can lessen materially the 
percentage of the crop that fails to come within grade requirements 
and thereby remove the necessity for demanding a seemingly high 
premium for his seed stock. 

The use of bogus seed-certification tags has also seriously curtailed 
the use of certified seed, because of the poor performance of stock so 
tagged and the failure of the purchaser or user to recognize that it 
was not bona fide certified seed. The would-be purchaser of certified 
seed should learn to distinguish between genuine and bogus seed- 
certification tags. 
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HE IMPORTANCE of planting good seed potatoes is 

not appreciated as fully as it should be. Good seed 
is one of the determining factors in profitably producing 
maximum crops of potatoes. 


The quality of the seed can be improved by removing 
all diseased, weak, or off-type plants as soon as they are. 
observable. 

Good seed can be produced only by giving the growing 
plants good cultural attention. 


Only seed from productive plants should be used. 


Seed should be free from varietal mixture and true to 
type. 


Good storage conditions are essential in insuring sound, 
firm seed at planting time. 


All seed stock should be disinfected before it is planted. 


This bulletin is a revision of and supersedes Farmers’ Bulletin 533, 
Good Seed Potatoes and How to Produce Them. 


; ; Issued May 1923; revised April 1933 
ashington, D. C. es y rs 
wae Slightly revised November 1936 
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Importance of tuber shape and size_______- 


IMPORTANCE OF GOOD SEED 


HE USE OF GOOD SEED is especially important in lowering 
the unit cost of potato production. Lowering unit cost does 
not necess: arily mean lowering the quality or the price of a bushel of 
potatoes, but, rather, furnishing a better product without increasing 
the cost of its production. The progressive potato grower’s aim 
should be to produce as many profitable bushels per acre as possible. 
Two factors determine the quality of seed potatoes: (1) The physi- 
cal or outward appearance of the tubers and (2) the heritable or 
transmissible characters of the stock. The first involves the purity 
and maturity of the stock, uniformity in size and shape of the tubers, 
brightness of skin, firmness of flesh’ with first sprouts just showing, 
and freedom from sc ab, Rhizoctonia, late blight, or other tuber-decay 
diseases. The second factor deals with nonobservable characters and 
is by far the most important, as it involves the presence or absence 
of the virus diseases causing mosaic, leaf roll, spindle tuber, streak, 
and yellow dwarf. Freedom from the virus diseases is important 
and can only be assured by inspection of the growing plants from 
which the seed was obtained or by the purchase of reliably certified 
stock. 


DEVELOPMENT OF HIGH-GRADE SEED 
SELECTION METHODS 


The chief improvement to be made in seed-potato stocks by 
selection methods is the elimination of diseased and weak plants 
and of varietal mixtures. Experimental evidence seems to indicate 
that the possibilities of improving seed stock by selective practices 
alone are not so great as has been claimed, and that the chances of 
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finding superior-yielding, true-to-type strains within a variety are 
more limited than was once believed. 

Five methods of improvement may be used in obtaining a commer- 
cially desirable strain of potatoes: (1) The tuber-indexing method, 
(2) the tuber-unit method, (3) hill selection, (4) mass selection, and 
(5) field roguing. 


TUBER-INDEXING METHOD 

































The tuber-indexing method of seed-potato improvement is the 
most recently devised and most effective method of eliminating 
diseased, weak, and low-yielding potato tubers from seed stoc k 
intended for planting in the seed plot. The work is usually done 
during the winter. The first step is to select as many tubers, each 
weighing from 7 to 9 ounces or thereabouts, as greenhouse, hotbed, 
or outdoor space will accommodate. The next step is to number 
each tuber for identification and then remove a seed piece or set 
from each, preferably from the seed end, although any strong eye 
will serve. This set is then put in a suit: able-sized pot (the 314 or 
4-inch size is satisfactory), or it may be planted in a greenhouse 
bench or hotbed. In either case the set must be labeled with the 
number of the tuber from which it was taken. The plants produced 
from these seed pieces are carefully observed for virus diseases, such 
as the various types of mosaic, leaf roll, spindle tuber, and the yellow 
dwarf. All plants showing any of these diseases or any sign of 

2akness are noted, and the seed tubers from which the sets were 
taken are discarded. In this way it is possible to get rid of most if 
not all of the diseased tubers before planting them. 

The best method of handling the mother tubers from which the 
index sets have been removed is to hold them for 10 days to 2 weeks 
in a temperature of 60° to 70° F., after which they may be held at 
40° to 45° until planting. The higher temperature with relatively 
high humidity favors thorough he: ling of the cut surface. 

‘The extent to which this work can be done in the North, except 
in regions where a late or fall crop of potatoes can be grown, is 
necessarily limited to the greenhouse or hotbed space available. 
Where a fall or second crop is grown, as in southern New Jersey, 
the Eastern Shore of Maryland and Virginia, and practically all 
of the Southern States, it is possible to practice the tuber-indexing 
method with the spring crop by planting the set from the numbered 
tuber in the open field and properly labeling it. Observations can 
be made during the growing season in ample time for a second- 
crop planting ‘of indexed tubers that are apparently free from 
disease as well as from any inherent weakness. By doing such work 
in the far South it would be possible to grow the indexed set to full 
maturity before the normal planting period i in the North. In fact, 
certain State seed-certific ation agencies are now resorting to this 
practice in order to get a “reading” on the behavior of their cer- 
tified strains of seed potatoes. At the usual planting time the 
tubers found to be free from disease are planted in a seed plot by 
themselves, the pieces from each tuber being planted separately. It 
is then easy to identify, in the growing plants, any disease from an 
infected tuber that may have escaped the observer of the tuber- 
index set. From this point in the process the practices are the same 
as those under the tuber-unit method. 
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TUBER-UNIT METHOD 


The tuber-unit method consists in selecting from the seed bin 
before planting time a considerable number of the most perfectly 
shaped tubers ranging from 6 to 8 ounces in weight. In planting, 
these tubers are quartered, as dropped, into parts as nearly equal 
as possible, by splitting the bud-eye cluster twice from seed to stem 
end of the tuber. In other words, the tuber is cut through its lon- 
gitudinal axis. The four pieces of each tuber are dropped consecu- 
tively in the row, 10 to 12 inches apart. All tubers showing discolor- 
ation of the flesh or other evidence of disease should be rejected. By 
allowing an additional spacing between sets of fours, the four plants 
from each tuber are definitely isolated and the grower can readily 
observe any variation in vigor and uniformity among the various 
units planted. This method also enables him to detect any mixtures 
in the variety. All mixtures should be removed at once. The units 
that appear most uniform in size, vigor, and type when the plants 
are still in vigorous growth are marked, and the first step in selection 
has been accomplished. At digging time the product of each unit is 
separately harvested and a further selection made from the marked 
units of all tubers which most nearly approach the size, shape, and 
smoothness desired. The selected tubers of each unit should be sepa- 
rately placed in small sacks, preferably cotton or burlap, ccmniiared 
with both field and unit numbers, and stored to await further exam- 
ination. The final examination should produce data on the number 
and weight of merchantable and unmerchantable tubers and their 
general conformity in size, shape, and smoothness to the type desired. 
From each of the units retained 10 of the best tubers should be 
selected for the next season’s planting. 

It is desirable to maintain the study of each selection on the tuber- 
unit basis the following season, because it permits a more accurate 
comparison of the behavior of each. The 10 selected tubers — 
each original unit will give 40 plants for study the second ye 
All selections which do not produce a reasonably uniform lot of slits 
should be rejected. At harvest time the progeny of each selec- 
tion should be kept by itself and the same data recorded as those 
taken on the crop grown from the original tuber unit. Only the 
products from such 40-hill rows as meet the most rigid requirements 
should be retained. The further work will consist in multiplying 
the selected strains for field planting and eliminating the weak 
plants. 

HILL SELECTION 


The hill-selection method consists in marking the most promising 
plants during the growing season and at harvesting time saving only 
the progeny ‘of the best. (Figs. 1 and 2.) The progeny of each hill 
should be kept separate and the same data taken as outlined for the 
tuber unit. Plant on the tuber-unit or progeny-row basis the fol- 
lowing season. For the sake of uniformity a definite number of 
tubers (five or more) from each hill selection should be planted. 
Subsequent procedure should follow the practices given for the tuber- 
unit method. 
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FiGureE 1.—Progeny of (A) a mosaic-infected potato plant of the Triumph variety and (B) a healthy plant 
Bin selection of such seed would result in taking at least two tubers from the mosaic plant. Ifsmall tubers 
were used all would come from diseased plants. In hill-selection work only the progeny of plant B would 
be saved. 


FiGurE 2.—Progeny from (A) abnormal and (B) normal plants of the Russet Burbank potato. Plant A 
is known in the West as a degenerate or run-out plant, and the disease with which it is affected is probably 
identical with that termed “‘spindle tuber.”” It is a communicable disease and may become serious. 
In hill-selection work only the progeny of plants such as B would be saved. 
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MASS SELECTION 


Mass selection differs from hill selection in only one respect, that 
is, the tubers from the individually selected plants are not kept sep- 
arate. Generally growers who practice mass selection do not go to 
the trouble of marking promising individual plants during the grow- 
ing season, but simply go through the field before harvesting the 
whole crop and dig by hand as many plants that show the desired 
vigor and stem characters thought to be correlated with productive- 
ness, trueness to type, and uniformity in size of tubers of the partic- 
ular variety grown, as may be desired to secure the necessary quan- 
tity of seed. 


FIELD ROGUING 


By “roguing’”’ vegetable-seed growers mean improving the seed 
stock by the process of removing all ‘‘rogues’’—diseased, weak, off- 
type, or varietally mixed plants—from the field or seed plot during 
the growing season, when the process is relatively easy. Roguing 
does not necessarily require an intimate knowledge of the various 
potato diseases, but it does call for the ability to tell whether a plant 
is normal or abnormal in appearance. Varietal mixtures are more 
easily detected when the plants are in bloom. Weak plants are us- 
ually easy to detect in the early stages of their growth, as are also 
certain types of disease such as mosaic and blackleg, although both 
weakness and disease may appear later. Infection with Rhizoctonia 
and Fusarium is usually not apparent until the latter part of the 
growing season. The area should be gone over at least three times 
during the growing season. In field roguing a sufficient area should 
be covered the first year to provide enough seed to plant the full 
acreage that is to be grown the ensuing season. When the crop of 
the seed plot is harvested, further roguing should be — by dis- 
carding the progeny of all low-producing plants. (Fig. 1, A.) 


RELATIVE MERITS OF THE DIFFERENT METHODS 


Careful consideration of all the experimental evidence at hand 
seems to justify the conclusion that in the hands of an especially 
trained individual the tuber-indexing method is without doubt the 
most effective process for eliminating ‘diseased tubers and for creating 
foundation stock from which to produce high-class seed stock. The 
tuber-unit method is the next most promising. When it is practiced 
in connection with hill selection it should prove much more effective 
than when used in connection with bin-selected stock. The first three 
methods can be recommended only to those growers and specialists 
who are capable of giving the thought and time necessary to produce 
results. Mass selection and field roguing present greater possibilities 
in the hands of the average grower who does not have time or incli- 
nation to give the care required for best results. 

The only requirements for the successful practice of the tuber-unit, 
hill-selection, and mass-selection methods are a reasonable degree of 
painstaking effort on the part of the grower, some 12-inch garden 
labels, a small pair of balances, a sufficient number of small sacks, a 
safe place in which to store the selected tubers until they are required 
for the next season’s planting, and a breeding plot in which each 
season’s selections can be developed into planting stock. The selection 
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or seed plot should be located as far from the commercial potato field 
as possible, in order to secure the greatest degree of isolation feasible. 






ISOLATION 







It is now recommended that in producing seed potatoes under isola- 
tion, each variety be grown separately, because it has been found that 
stocks of certain varieties supposed to be free from mosaic have served 
as carriers of disease to more susceptible varieties. The ultimate 
success in using the isolated seed plot in eliminating tuber-borne dis- 
eases rests largely on the ability of the grower to recognize diseased 
plants and his promptness in removing them from the ‘seed plot and 
destroying them. Heretofore, the factor of isolation has not received 
due consideration, largely because the seriousness of such diseases as 
mosaic, leaf roll, curly dwarf, streak, and spindle tuber had not been 
recognized. The fact that all of these diseases are readily transmitted 
from diseased to he: iulthy plants through the instrumentality of plant 
lice or aphids and the further fact that as yet there is no reliable 
information on the distance over which insects may transport these 
diseases, suggest an isolation of the seed plot as complete as possible. 

F ‘requent and thorough inspections of the seed plot are necessary 
to insure the largest possible elimination of diseased plants and to 
reduce the transmission of disease from diseased to healthy plants. 

















SEED TREATMENT 











It is impossible to produce high-grade seed potatoes if the seed 
planted is infected with disease organisms capable of infecting the 
crop. Disinfection of the seed potatoes is therefore necessary if 
the best results are to follow. The two diseases for which seed pota- 
toes are ordinarily treated are common scab and black scurf, or 
Rhizoctonia. The two disinfecting agents recommended for such 
treatment are formalin and corrosive sublimate (mercuric chloride, or 
bichloride of mercury). Formalin is a trade name for a 40-percent 
solution of formaldehyde gas. Corrosive sublimate is a white crystal- 
line poisonous compound which goes into solution very slowly in cold 
water but is readily dissolved in boiling water. The hot-formalde- 
hyde treatment of seed has been found much more effective against 
black scurf (rhizoctonia) than the cold-solution treatment, and 
requires a much shorter period of immersion. The formulas recom- 
mended for these two disease disinfectants are: 












1. Formalin: 2. Corrosive sublimate, 4 ounces. 
a. Cold treatment: Water, 30 gallons. 
Formalin, 1 pint. 
Water, 30 gallons. 
b. Hot treatment: 
Formalin, 2 pints. 
Water, 30 gallons, heated to 
125° F. 

The period of treatment for formula 1, a, and for formula 2 is 
from 1% to 2 hours when the seed is dormant and one-half to 1% 
hours if the tubers are germinated. With formula 1, 6, on account 
of the double strength of the solution and the higher temperature of 
the liquid, the period of treatment is cut to 4 or 5 minutes. In using 
the hot formaldehyde solution it is necessary to have a reliable 
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thermometer and a well-controlled method of maintaining a uniform 
temperature throughout the treatment. 

The treated tubers should on no account be allowed to come in 
contact with such receptacles as sacks and barrels in which dis- 
eased seed has been handled, as these articles are almost certain to be 
sources of reinfection. 


SOIL PREPARATION AND CULTURAL PRACTICES 


Strong, vigorous plants cannot be produced on land that has been 
poorly prepared or that is deficient in available plant food. Seed 
potatoes should be grown on land that has been deeply plowed and 
thoroughly prepared to receive the seed. It should be well supplied 
with organic matter and available plant food. A clover or alfalfa 
sod furnishes the organic matter and considerable plant food. Barn- 
yard manures or commercial fertilizers, or both, will supply the addi- 

tional plant food necessary. 

The vigor of the seed stock produced depends largely on the care 
given to ‘the growing crop. Uniformity in the size ‘of the tubers is 
largely governed by the rate of planting. Closer planting should 
be practiced in growing seed than in growing table stock. Some 
growers in Aroostook County, Maine, space their rows 32 to 36 inches 
apart and the plants in the row 8 to 12 inches. The crop should be 
cultivated as frequently as may be necessary to provide the most 
suitable growing conditions. 

The plants should be sprayed to prevent injury by insect or 
fungus pests. Leaf-eating insects can be effectively controlled by 
thorough spraying with arsenical poisons; sucking insects, with con- 
tact solutions, such as kerosene emulsion and nicotine; and fungus 
diseases, such as the early and late blights, with bordeaux mixture. 
In every operation it should be remembered that whatever con- 
tributes to the health of the plant increases the vigor of the seed 
stock produced. 


IMPORTANCE OF TUBER SHAPE AND SIZE 


Reasonable trueness of the tubers to varietal type is generally 
demanded by the purchaser of certified seed. The Irish Cobbler 
grower in the South demands roundish tubers and is suspicious of 
the purity of seed stock that contains flattened and somewhat elon- 
gated tubers; he generally protests against accepting them as strictly 
first-class seed stoc k, and is inclined to regard the off-type tubers 
as Green Mountain. 

However, some scientific workers and practical growers are now 
disposed to "regard tuber shape as being less important than was pre- 
viously supposed. They have come to regard tubers that have de- 
parted from the type because of unfavorable environmental condi- 
tions as being satisfactory for seed purposes, and as no more likely 
to produce off-type progeny than are normal-shaped tubers. This, 
however, does not apply to tubers that are off-type as a result of 
disease; such tubers should not be planted. The spindle tuber, now 
recognized as a communicable disease, is very similar to leaf roll and 
the mosaic disease in its method of transmission. Figure 2, A, 
pictures a fairly good example of spindle tubers. It is important, 
therefore, in purchasing somewhat off-type seed potatoes to know 
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that the change in shape is really due to unfavorable environmental 
factors and not to disease. 

In seasons of short production and consequent high prices for 
table stock the question of whether it is advisable to use the small, 
unsalable tubers for seed is frequently raised. It is always unsafe 
to use small tubers for seed unless it 1s absolutely certain that they 
have been produced by healthy, vigorous, and productive plants. 
It is never advisable to use small tubers from the general production 
from unselected stock. Some experimental study of this subject by 
Ballou and Gourley ' demonstrated that the planting of large tubers 
gave— 

(1) A very high, sometimes almost total, percentage of the high-producing 
strains. 

(2) A high percentage of the average or moderate-yielding strains. 

(3) A very low percentage of the inferior or low-producing strains; 

The planting of small tubers gave— 

(1) A very insignificant percentage of the high-producing strains. 

(2) A low percentage of the moderate-yielding strains. 

(3) A very high, almost total, percentage of the low-yielding strains. 


WHOLE SEED COMPARED WITH CUT SEED 


Experimental evidence does not indicate that whole tubers are 
better than cut tubers as seed, at least in the United States. The 
data, while conflicting, show that in general and within reasonable 
limits the larger the seeds planted, the larger the crop. If whole 
seed is to be planted, small tubers and those from unselected stock 
should not be used. 

The tubers should be germinated before being planted, to insure 
& minimum number of sprouts. Planting dormant whole tubers 
causes too many sprouts to develop. 


HARVESTING AND STORAGE 


The importance of preventing mechanical injury of the tubers 
during harvesting and storing 1s not fully realized. If the land 
contains small stones, the tubers are almost certain to be more severely 
injured in harvesting than if they were grown in a sandy loam soil. 
Hand digging is not always feasible, but where small stones abound 
in the soil it is desirable to harvest the home seed plot by hand. 

Much injury will be avoided if, when harvested, the seed stock 
designed for planting the field plot of the ensuing year is placed 
directly in crates in which it can remain throughout the storage 
period. 

The storage conditions necessary to insure vigorous seed at plant- 
ing time are more easily provided in the North than in the South, 
because it is easier to maintain the proper temperature in that region. 
In the North a well-constructed cellar, pit, or cave serves reasonably 
well. The main requirement is to keep the room temperature low 
enough to retard germination. The ideal seed tuber is one that 
has not wasted any of its stored-up energy by excessive loss through 


1 The Status of the Potato-Growing Industry in Ohio. II. Seasonal Notes on Potatoes. Ohio Agr. 
Exp. Sta. Bul, 218. | 
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sprouting. (Fig. 3.) It should be firm, with the first sprouts just 
showing. Such tubers can be depended upon, under suitable condi- 
tions, to start quickly when planted and to make a vigorous growth. 





estilnt 


FIGURE 3.—Potatoes to be used for seed, showing different stages of germination: 
1, Desirable; 2, undesirable. 


In the South, because of the difficulty in preserving proper storage 
temperatures and thus preventing sprouting, the general practice has 
been to secure seed stock from the North. This method has diffi- 
culties also, because there is always the risk of the seed being chilled, 
frozen, or overheated while in transit in midwinter. Proper storage 
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facilities such as described in Farmers’ Bulletin 847, Potato Storage 
and Storage Houses, would allow the southern potato grower to have 
his seed stock shipped to him as soon as it is harvested in the fall or 
even to grow his own seed if he desires. 


CERTIFICATION OF SEED 


The rapid increase in acreage and production of certified seed 
potatoes, and the higher prices which their growers demand, have 
made it necessary to demonstrate that certified seed potatoes are 
superior to ordinary seed potatoes. During the time when the pro- 
duction of certified seed was being developed, there was not enough 
experimental evidence to support the growers’ claims of its superi- 
ority. But now there is abundant evidence of that superiority. 
Data covering actual comparative tests made by a large number 
of independent investigators are shown in table 1, taken from an 
address by H. C. Moore before the 1924 annual meeting of the Potato 
Association of America. 


TaBLE 1.—Comparative tests of potato yields, showing the advantage of using 
certified seed 


| Average | 

| Tests or | increase : | Tests or | increase 

| : : socat C sts | . . 

| reports | in yields Location of test | reports | in yields 
| per acre | per acre 


Location of tests 


Number | Bushels | Number | Bushels 
Canada (8 Provinces : 15 88 || Michigan- | 314 
Connecticut 2 5s a 46 
Delaware--_-_-_--- ; 21 | 83 || Montana__--- 2 
Illinois 5 | Nebraska- - -_-- ; 64 
Indiana_ 68 
Kansas | 168 
Kentucky 2% 2 || Oregon. x 3 
Louisiana ; 2 || Pennsylvania- 87 
Maine 275 &: South Carolina 8 
Massachusett 5 | 





REQUIREMENTS 


Seed certification is a system of official inspection whereby the 
quality of the potato-seed stock may be guaranteed. At present 
potato-seed certification is being carried on in 26 States and in every 
Canadian Province. 

It is purely voluntary on the part of seed-potato growers in the 
States and Provinces in which the service is available. In many 
States, however, the applicant for seed certification must previously 
have submitted to the official in charge of the certification work a 
sample of the seed stock he proposes to plant, or he must plant cer- 
tified seed approved by that official, A number of States also 
require that an isolated seed plot be maintained. 

All seed-potato certification agencies have promulgated rules and 
regulations designed to insure a high degree of freedom from dis- 
ease. Practically all these agencies require that two field inspec- 
tions of the growing plants and a subsequent examination of the 
tubers at the bin or shipping point be made by their authorized in- 
spectors before they will issue certification tags. This procedure 
guarantees the purchaser and user that such seed is free from any 
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appreciable amount of tuber-borne diseases, especially those of the 
virus type. While there are differences in the percentage of disease 
tolerated in the different seed-producing States, they are not suffi- 
ciently great to materially affect the quality of the seed. Certain re- 
quirements as to trueness to name, freedom from varietal mixture, 
vigor of plants, yield, tuber type, percentage of mechanical inju- 
ries, etc., are also made in seed certification. The personal factor 
is generally recognized as of greater importance than rigidity of 
rules and regulations. 

The producer of high-grade seed potatoes is justly entitled to a 
fair monetary return for the special efforts he has made to produce 
high-quality seed stock, especially if he has maintained a seed plot 
year after year and his crop has been officially inspected and passed 
by an authorized seed-certification inspection officer. 


VOLUME OF PRODUCTION 


The extent of the seed-potato certification movement and the vol- 
ume of production are indicated by table 2, which gives for 1926-35 
the production, in bushels, of certified seed potatoes in the 26 States 
in which seed certification has been undertaken. The volume of 
production has fluctuated from year to year. It reached a maximum 
of 12,100,060 bushels in 1935. 


TABLE 2.—Production of certified seed potatoes (bushels) in 26 States 
d I , 


1926-35 } 


State 1926 1927 1928 1929 1930 


California 17, 800 | 12, 000 11, 768 4, 200 
Colorado 77, 105 | 57, 890 71, 450 51, 945 
Idaho 866, 162 349, 509 203, 717 314, 803 
Kentucky 25, 500 7 21, 117 | 9, 050 
Maine 2, 294,845 | 3, 278, 101 3,998,902 | 2,709, 554 
Maryland 32, 078 40, 488 | 16, 808 
Michigan 162, 397 741, 215 | 212, 125 
Minnesota 621, 999 911, 099 | 548, 291 
Montana 180, 562 72, 380 | 68, 962 
Nebraska 181, 500 | 462, 450 | 663, 000 
New Hampshire 14,778 | , 264 | ( 
New Jersey 2 475 2, 286 | 


New York , 100 





. | 

North Dakota 21, 305 2, 300 | 
Ohio | 6, 300 6, 400 | 
Oregon 87, 840 137, 711 
Pennsylvania 29, 870 69, 760 
South Dakota 49, 856 | 59, 206 | 
Vermont 160, 031 252, 582 | 136, 119 136, 531 
Washington 30, 300 121, 350 81, 825 | 76, 900 3 
Wisconsin 196, 500 | 243, 000 448, 400 293, 360 | 261, 391 
Wyoming aaa 138, 000 | 259, 500 350, 000 185, 500 | 299, 780 

Total 5, 103, 628 7, 153, 140 | 10, 374, 561 &, 555, 904 6, 702, 961 





! Data from the Hay, Feed, and Seed Division, Bureau of Agricultural Economics, U.S. Department of 
Agriculture. 


2 The second crop developed primary leaf-roll symptoms, and nearly all fields were rejected 
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TaBLE 2.—Production of certified seed potatoes (bushels) in 26 States, 
1926-35—Continued 


State 9 1932 1933 1934 
California : 8, 102 | 6, 770 12, 467 20, 450 , O83 
Colorado 95, 5% 122, 530 | 505, 965 425, 044 352, 458 
Idaho 226, 066 151, 497 212, 394 | 136, 404 , 273 
Kentucky | 9, 088 11, 800 12, 210 9, 110 | , 135 
Louisiana | 37, 000 , 940 
Maine | 3,944, 036 2,920,600 | 3,852, 796 6, 003, 342 5, 872, 000 
Maryland 55, 94! 57, 408 | 72, 572 | 94, 713 | 5, 710 
Minnesota | 662, 52 437, 266 602, 105 | 
Montana 62, 142 63, 965 60, 845 | 
Nebraska 384, 000 392, 001 552, 263 | 
New Hampshire | 39, 650 12, 925 29, 666 | 25 846 
New Jersey és | 114, 168 83, 899 123, 908 | 106, 540 44, 095 
New Mexico ee sae waned , 000 
New York 819, 220 | 550, 042 | 520, 000 | 544, 000 5, 300 
North Carolina Ke _ aa | 41, 500 , 500 
North Dakota | 413, 000 | 824, 620 918, 150 628, 310 , 430, 300 
Ohio 6, 000 7, 000 8, 000 | 400 | 5, 000 
Oregon ; 136, 635 | 188, 210 185, 300 187, 400 30, 170 
Pennsylvania 91, 113 103, 247 137, 165 | 241, 789 | 7, 154 
South Dakota 37, 938 40, 175 3, 945 7,010 19, 827 
Utah Mh tes | 36, 550 | 42, 150 
Vermont 219, 140 179, 042 183, 100 | 209, 800 | 154, 915 
Washington 115, 363 | 93, 301 | 101, 966 | 101, 435 99, 508 
Wisconsin 258, 596 | 172, 900 149, 450 | 179, 918 201, 700 
Wyoming. 187, 338 130, 935 303, 950 143, 050 389, 700 


5, 313 
20, 072 
, 705 


pet | 
Michigan 93, 643 370, 664 271, 780 | 348, 880 217, 206 
| 





Total §, 089, 293 6, 920, 797 8, 819, 997 | 10, 459, 865 12, 100, 060 


Maine has easily been the leader in volume of production. 
Figures on the production of certified seed of 10 of the leading 
£ ] 
commercial varieties in the United States, as given in table 3, show 
that the Irish Cobbler, Green Mountain, and Triumph varieties lead 
in number of bushels certified. 


TABLE 3.—Production of certified seed potatoes (bushels) in the United States, by 
varieties, 1926-35 ! 


Variety 1926 92 2: 2t 1930 
Irish Cobbler , 969, 042 | 2, 262, 2: 3, 562, 12 2, 593, SAS 1, 843, 473 
Triumph 418, 546 — : , 337, 4 » 2 { 1, 157, 980 
Spaulding Rose 595, 647 | 30 | 791, 995 3, 5é 410, 280 
Early Ohio | 172, 263 153, 7 224, 653 186, 967 182, 279 
Burbank 18, 100 38, 955 68, 288 #2. 092 30, 330 
Russet Burbank (Netted Gem) | 29, 157 , 026, 59: 550, 721 313, 961 | 439, 593 
Green Mountain_.- | 798, 917 | 1,571,267 | 2,479,174 | 2,230,965 | 1, 679, 078 
Charles Downing (Idaho Rural) | 13, 958 | 52, 3¢ 5, OR5 | 14, 276 | 15, 8&3 
Rural New Yorker No. 2 541, 882 | 134, 196 261, £ 268, 074 243, 042 
Russet Rural. 345, 454 200, 675 925, 826 894, 933 414, 797 


Variety 9: 932 93% 1934 
Irish Cobbler 2, § 2, 205, 96 2, 822, 283 | 3,827,237 | 4,782, 641 
Triumph. - eae { 13 | , 003, 266 , 443, 172 | tH 120 | 2, 246, 110 
Spaulding Rose. | 577, 77 367, 903 489, 110 336, 700 
Early Ohio- | 450, 505 | 235, 776 435, 511 
Burbank-__-- 26, 690 | 53, 800 | 39, 100 26, 200 
Russet Burbank (Netted Gem) 334,066 | 420,735 | 401, 398 326, 204 
Green Mountain___- | 722, 31: 1, 640,152 | 1,842,097 | 3, 062, 020 2, 583, 255 
nn 5 Prete ner (idaho Rural) - 6, 115 m. pe’ 1, a | on = 
Rural New Yorker No. 2 225, 918 245, 047 281,013 | 3, 79% 
Russet Rural. ----- i f 9, 659 | 475, 640 556, 449 | 346, 239 
Other varieties 300, 688 | 692, 423 744, 713 | 862, 067 
| 


1 Data from the Hay, Feed, and Seed Division, Bureau of Agricultural Economics, U. 8. Department 
of Agriculture, 
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USE 


It is obvious from the foregoing information on the value of certi- 
fied seed potatoes and the extent of their production that not all grow- 
ers of potatoes for either commercial or home use are yet fully 
convinced of the advantage of planting certified seed. 

Even after more than 20 years of seed certification less than one- 
fourth of the total potato acreage of the United States is planted 
with certified seed. The reason for this seeming neglect by growers 
may well be considered. The data in table 1 clearly show a distinct 
gain in yield, ranging from 31 to 219 bushels an acre, from the use 
of certified seed. Obviously, failure to use certified se ed cannot be 
ascribed to lack of performance of the seed in increasing yield. 

Two factors are probably involved in this failure: (1) Price differ- 
ence between certified and uncertified seed; and (2) indifference of 
the grower to quality of seed. In regard to the first factor, pur- 
chasers of certified seed may consider that many growers demand a 
larger price premium than is warranted. However, the price pre- 
mium is partly justified by the exacting demands of the purchaser in 
regard to freedom of the tubers from mechanical injuries, from 
surface diseases such as common scab and rhizoctonia, and from 
undersized and oversized potatoes. To meet purchasers’ require- 
ments the grower must often discard a considerable percentage of 
his stock, thereby reducing his profits. In order to reduce such 
grading losses the grower must select land as free from scab and 
rhizoctonia infestation as possible; he must control the size of tubers 
by closer planting or the use of larger seed pieces, and he must lessen 
mechanical injury by more careful harv esting and handling. 

By observing such practices the grower can lessen materially the 
percentage of the crop that fails to come within grade requirements 
and thereby remove the necessity for demanding a seemingly high 
premium for his seed stock. 

The use of bogus seed-certification tags has also seriously curtailed 
the use of certified seed, because of the poor performance of stock so 
tagged and the failure of the purchaser or user to recognize that it 
was not bona fide certified seed. The would-be purchaser of certified 
seed should learn to distinguish between genuine and bogus seed- 
certification tags. 
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